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Figure 25.  Continuous, discontinuous, and sporadic permafrost areas of
Alaska. (Source: Modified from Ford and Bediord, 1987.)

dominated by surface-water inflow and outflow re-
fiect the chemistry of the associated rivers or lakes.
Those wetlands that receive surface-water or ground-
water inflow, have limited outflow, and lose water
primarily to ET have a high concentration of chemi-
cals and contain brackish or saline (salty) water. Ex-
amples of such ‘wetlands are the safine playas, wet-
landsassociated with the Great Salt Lake in Utah, and
the permanent and semipermanent prairie potholes.
In contrast, wetlands that receive water primarily
from precipitation and lose water by way of surface-
water outflows and {or) seepage to ground water tend
to have lower concentrations of chemicals, Wetlands
influenced strongly by ground-water discharge have
water chemistries similar to ground water. :In most
cases, wetlands Tecéive water from more than ‘one
source, 50 the resultant water chemistry is a composite
chemistry of the various sources.

Plants can serve as indicators of wetland chem-
istry. In tidal wetlands, the distribution of salty
water influences plant communities and species
diversity. In freshwater wetlands, pH (a measure of
acidity or alkalinity) and mineral and nutrient con-
tent influence plant abundance and species diversity.

HYDROLOGIC AND WATER-QUALITY
FUNCTIONS OF WETLANDS

Wetland hydrologic and water-quality functions
are the roles that 'wetlands play in modifying or con-
trolling the guantity or quality of water moving
through a wetland. An understanding of wettand fune-
tions and the underlying chemical, physical, and bio-
logical processes supporting these functions facili-
tates the management and protection of wetlands and
their associated basins.

The hydrologic and water-guality functions of
wetlands are controlled by the following:

« Landscape position {clevation in the drainage ba-
sin relative to other wetlands, lakes, and streams)

« Topographic location {depressions, flood plains,
slopes)

* Presence or absence of vegetation

« Type of vegetation

* Type of soil
+ The relative amounts of water flowing in and
water flowing out of the wetland

* Local climate

* The hydrogeologic framework

* The geochemistry of surface and ground water
Although broad generalizations regarding wetland
functions can be made, effectiveness and magnitude
of functions differ from wetland to wetland.

Natural functions .of wetlands can be altered or

impaired by human-activity. Although slow incremen-
tal changes in the natural landscape can lead to small
changes in-wetlands, the accwmulation of these small
changes can permanently alter the wetland function
(Brinson, 1988). Some -of the major hydrologic and
water-quality functions of wetlands—(1) flood stor-
age and stormflow modification, (2) ground-water
recharge and discharge, (3) alterations of precipita-
tion and evaporation, (4) maintenance of water qual-
ity, (3) maintenance of estuarine water balance, and
(6) erpsion reduction—are discussed below.

Flood Storage and Stormflow Medification
Wetlands associated with lakes and streams store

“floodwaters by spreading water out over a farge flat

area. This temporary storage of water decreases run-
off velocity, reduces flood peaks, and distributes
stormflows over longer time periods, causing tribu-
tary and main channels to peak at different times,
Wetlands with available storage capacity or those
located in depressions with narrow outiets may store
and release water over an extended period of time. In
drainage basins with flat terrain that contains many
depressions {for example, the prairie potholes and
playa lake regions), lakes and wetlands store large
volumes of snowmelt and {or) runoff. These wetlands
have no natural outlets, and therefore this water is
retained and does not contribute o local or regional
flooding.

A strong correlation exists between the size of
flood peaks and basin storage (percentage of basin
area occupied by lakes and wetlands) in many drain-
age basins throughout the United States (Tice, 1968;
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Hains, 1973; Novitzki, 1979, 1989; Leibowitz and
others, 19923, Novitzki (1979, 1989} found that ba-
sins with 30 percent or more areal coverage by lakes
and wetlands have flood peaks that are 600 80 per-
cent lower than the peaks in basins with no lake or
wetland area: Wetlands can provide cost-effective
flocd control; and in some instances their protection
has been recagmzed as less costly than flood-controt
measures such 3s reservoirs or dikes (Carter and oth-
ers, 1979, Loss of wetlands can rescit in severe and
costly flood damage in low-lying areas of a basin. -
Not all wetlands are able to store floodwaters or
modify stormflow; some, in fact, add fo runoff. Down-
stream wetlands, such as those along the middle and
lower reaches of the M1ssz_§s1;3p1 River and its fribu-
taries, are more effective at reducing downstream
flooding than are headwater wetlands, largely as a
result of larger storage capacities (Ogawa and Male,
1986). Runoff from wetlands is strongly. influenced
by season, available storage capacity, and soil perme-
ability. Wetlands in basin headwaters are commonly
sources of runoff because they are ground-water dis-
charge areas. Wetlands in Alaska that are underlain by
permafrost-have Jittle or no available storage capac-
ity; runaff is rapid and flood'peaks are often very high.

Ground-Water Recharge and Discharge

Ground-water recharge and discharge are hydro-
logic processes that occur throughout the landscape
and are not unique functions of wetlands, Recharge
and discharge in wetlands are strongly influenced by
locat hydrogeology, topographic position, ET, wetland
soils, season, and climaie. Ground-water discharge
provides water necessary to the survival of the wet-
land and alsocan provide water that leaves the wet-
land as streamfiow. Most wetlands are pzzmanly dis-
charge areas; in these wetlands, however, small
amounts of rech&rgé: can ocour seasonally.

Recharge to aquifers can be especially important
in areas where ground water is withdrawn for agri-
cultural, industrial, and municipal purposes. Wetlands
can provide either substantial or limited recharge to
aquifers. Much of the recharge to the Ogallala aqui-
fer in West Texas and New Mexico is from the 20,000
t0 30,000 playa lakes rather than from areas between
lakes, ephemeral streamns, and areas of sand dunes
(Wood and Osterkamp, 1984; Wood and Sanford,
1954). Recharge takes place through the bottoms of
some streams, gspecially in karst topography and in
the arid West. Some recharge also takes place when
floodwater moves across the flood plain and seeps
down into the water-table aquifer. Cypress domes in
Florida and prairie potholes in the Dakotas also are
thought to contribute to ground-water recharge
(Carter and others, 1979). Ground-water recharge
from a wetland can be induced when aqguifer water
levels have been drawn down by nearby pumping.

Most estuarine wetlands are discharge areas
rather than recharge areas, primarily because they are
on the low topographic end of local and regional
ground-water flow systems. As the tide rises, water
is temporarily stored on the surface of the wetland and
in the wetland soils, where it mixes with the discharg-
ing freshwater. The water moves back into the estu-
ary or tidal river as the tide ebbs, Precipitation fall-

ing on nontidal freshwater wetlands on barrier istands
may recharge the shallow freshwater aquifer overly-
ing the deeper salty water.

Alterations of Precipitation and

' Evaporatmn

‘Wetlands can influence local or regional weather
and ¢limate in several ways. Wetlands tend 1o moder-
ate seasonal temperatore fluctoations. During the sum-
mer, wetlands maintain lower temperatures because ET
from the wetland converts latent heat and releases
water vapor to the atmosphere. In the winter, the
warmer water of the wetland prevents rapid cooling at
night; warm breezes from the wetland surface may
prevent freezing in nearby uplands, Wetlands also
modify local atmospheric circulation and thus affect
moisture convection, coud formatior, thunderstorms,
and precipitation patterns. Therefore, when wetlands
are drained or replaced by impermeable materials, sig-
nificant changes in weather systems can occur.

Maintenance of Water Quality

Ground water and surface water transport sedi-
ments, nutrients, trace metals, and organic materials.
Wetlands can trap, precipitate, transform, recycle, and
export many of these waterborne constituents, and
water leaving the wetland can differ markedly from
that entering {Mitsch and Gosselink, 1993; Elder,
1987). Wetlands can maintain good quality water and
improve degraded water.

‘Water-quality modification can affect an entire
drainage basin or it may affect only an individual
wetland. Water chemistry in basins that contain a
large proportion.of wetlands is usually different from
that in basins with fewer wetlands. Basins with more
wetlands tend to have water with lower specific con-
ductance and lower concentrations of chloride, lead,
inorganic nitrogen, suspended solids, and total and
dissolved phosphorus than basins with fewer wet-
lands. Generally, wetlands are more effective at re-
moving suspended solids, total phosphorus, and
ammonia during high-flow periods and more effec-
tive at removing nitrates at low-flow perieds (John-
ston and others, 1990). Novitzki {1979) reported that
streams in a Wisconsin basin, which contained 40 per-
cent wetland and lake area, had sediment loads that
were 90 percent fower than in a comparable basin with
no wetlands, Wetlands may change water chemistry
sequentially; that is, upstream wetlands may serve as
the source of materials that are wansformed in down-
stream wetlands. Estuaries and tidal rivers depend on
the flow of freshwater, sediments, nutrients, and other
constituents from spstrean.

Wetlands filter out o1 transform natural and an-
thropogenic cotstituents through a variety of biologi-
cal and chemical processes. Wetlands act as sinks
(where material is trapped and held) for some mate-
rials and sources (from which material is removed)
of others. For exampie, wetlands are a major sink for
heavy metals and for sulfur, which combines with
metals to form relatively insoluble compounds. Some
wetland mineral deposits (bog iron, manganese) are
or have been important metal reserves in the past, Or-
ganic carbon in the form of plant tissnes and peat
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accumulates in wetlands creatmg a source of water—
borne dissolved and ?&ftictﬂﬂt& organic materials.
Some materials, for ~example nuirienis, are changed
from one form to another as they pass through the
wetland {fig. 26), Most stored materials in wetlands
are immobilized as a result of prevailing water chem-
1s£ry and hycimiogy, but any disturbance can result
in release of those materials.

The water purification funct:ons of wetlands are
dependent upon four prmcxpal components of the wet-
land—substrate, water, vegetation, and microbial popu-
Tations (Hammer, 1992; Hemond and others, 1987).

Substrates.—Wetland substrates provide a reac-
tive surface for biogeochemical reactions and habi-
tat for microbes. Wetland soils are the medium in
which many of the wetland chemical transformations
occur and the primary storage area of available
chemicals for most plants (Mitsch and Gosselink,
1993}, Organic or peat soils differ from mineral soils
in their hiogeochemical properties, including their
ability to hold water and bind or immobilize mineral
constitnents,

Water.—Ground and surface waters transport
solid materials and gases to the microbial and plant
communities, remove the by-products of chemical and
biological reactions from the wetlands, and maintain
the environment in which the essential biochemical
processes of wetlands occur. Flooding or soil satura-
tion causes oxygen-deficient conditions that markedly
influence many biological transformations.

Vegetation—Wetland vegetation reduces the flow
and decreases velocities of water, causing the depo-
sition of mineral and organic particles and constitu-
ents attached to them, such as phosphoras or frace
metals. Plants introduce oxygen to the generally oxy-
gen-deficient soil environment through their roots,
creating an oxidized root zone where bacterial trans-
formations of nitrogenous and other compounds can
occur (Good and Patrick, 1987). Plants also provide
a surface for microbial colonization. Wetland plants
remove small quantities of nutrients, race metals, and
other compounds from the soil water and incorporate

through steps §2 and Ki.

£} Bacteria change nitrate to
gaseous nitrogen.

them into plant tissue, which may later be recycled
in the wetland through decomposition, stored as peat,
or transported from the wetland as particulate mat-
ter (Boyt and others, 1977; Tilton and Kadlec, 1979;
Hammer, 1992},

Microbes.—The microbial community, which
includes bacteria, algag, fungi, and protozos, is re-
sponsible for most of the chemical transformations
that occur in wetlands. In order to meet their meta-
bolic needs, microbes use up oxygen; transform nu-
trients, manganese, and iron; and generate methane,
hydrogen sulfide gas, and carboa dioxide.

Wetlands serve as short-term or long-term sedi-
ment sinks, Floodwater spreading out across a wet-
land decreases in velocity, and sediments settle out
and are trapped within the wetland. Sorme of this sedi-
ment may be transported out of the wetland during
future flooding. Sediment deposition in estuarine
wetlands provides a constant input that is of special
importance for maintenance of wetlands acreage dur-
ing periods of sea-level rise (Bricker-Urso and oth-
ers, 1989).

The ability of wetlands to filter and transform
nutrients and other constituents has resulied in the
construction and use of artificial wetlands in the
United States and other countries fo treat wastewater
and acid mine drainage (Hammer, 1989, 1992;
Wieder, 1989). However, individual wetlands have a
limited capacity to absorb nuirients and differ in their
ability to do so (Tiner, 1985). A wetland’s effective-
ness in improving water quality depends on hydro-
logic patterns, amount and type of vegetation, time
of year, and the constituent of concern (Zedler and
others, 1985).

Estuarine Water Balance

Estuaries receive freshwater from precipitation,
ground-~water discharge, streamflow, and overiand
flow. Ground water discharges through shallow-
water sediments of the esteary or through marsh soils
and can affect the nutrient balance and salinity of the

Figure 26. Simplified
diagram of the nitrogen
cycle in a wetland.
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receiving waters (Valiela and others, 1978; Harvey
and Odum,. 1990). Bstuarine salinity decreases dur-
ing periods of high streamflow as the freshwater-salt-
water interface moves down the estuary from the
stream toward the sea (fig. 27}, Estuarine salinity in-
creases as streamflow decreases and the interface
moves up the estuary. Estuarine plants'and anjmals
are well adjusted to these normal seasonal fluctua-
tions in salinity. Water temporarily stored in flood-
plain wetlands upstream from the estuary deposits
sediment and nutrients, and water leaving these wet-
lands exports decomposition products and organic de-
fritus to the estuary. This temporary storage of water
and the concurrent decrease in flow velocity aid in
controlling the timing and size of the freshwater in-
flux to the estuary. For example, the freshwater wet-
lands of the Barataria Basin in Lowisiana serve as a
maior freshwater reservoir for maintenance of favor-
able salipities in the brackish zone, and the major
pulse of materials to the estuary coincides with the
arrival of migrant fish for growth and spawning.
Leaves that fall in flood-plain wetlands are broken
down and enriched by microbial action and produce
high-guality food for detrital based food chains in the
estuary. Alterations in the timing and quality of
streamflow and associated suspended particulate and
dissolved material, caused by dams or artificial drain-
age, can alter the chemistry of coastal waters and
affect the organisms that inhabit them.

Frosion Reduction

Wetlands reduce shoreline erosion by stabilizing
sediments and absorbing and dissipating wave energy
(Hammer, 1992). The ability of wetlands to stabilize
and protect shorelines depends on their capacity to
reduce the erosive forces of wind and waves. Beaches

and shallow vegetated wetlands protect shorelines in
moderate and small storms if the water does not carry
excessive amounts of abrasive floating debris. Wer-
Tand vegetation decreases water velocities fhrough
friction and causes sedimentation in shallow water

- areas and flood-plain wetlands, thus decreasing the

erosive power of the water and building up natural

~Jevees. Trees are excellent riverbank stabilizers and

have been planted to reduce erosion along United
States shorelines, Other wetland plants such as bul-

- rushes, reeds, cattails, cordgrass, and mangroves can

also successfully withstand wave and current action.
“When vegetation is removed, streambanks'col-

_ iapse and channels widen and (or) ‘deepen; removal
o of wetland vegetation can trn a sediment sink into a
- sediment source. The dissipation of erosive forces by

vegetation differs from wetland to wetland and de-

“pends upon vegetative composition and root strucure,

sediment type, and the frequency and intensity of

- water contact with the bank. .~

SUMMARY

Wetlands are complex ecosystems in which
ground water and surface water interact, but becanse
ground water canhot be directly observed, its role in
the hydrology of wetlands is sometimes more diffi-
cult to understand than that of swrface water. Many
wetlands owe their existence not only to poor drain-
age at the site but also to the discharge of ground water
at the site. The hydrology of a wetland determiines
what functions if will perform. Each wetland is
unique, but those with similar hydrologic settings
generally perform similar functions.
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Technical Aspects of Wetlands
Wetlands as Bird Habitat

By Robert E. Stewart, Jr.'

The value of a wet-
land to a specific
bird species is
affected by the
presence of surface
water and the
duration and
timing of flooding.

Figare'28. This wetland in California is habitat for mig;'ating énow'éeese. "(F;hb!ég.rép'h'bj'/
James R. Nelson, California Department of Fish and Game.}

One of the best known functions of wetlands is
w provide & habitat for birds (fig. 28). Humans have
known of the link between birds and wetlands for
thousands of years, Prehistoric people drew pictures
of birds and wetlands on cave walls, scratched them
onto rocks, and used them in the design of artifacts
(fig. 29; and Native American lore provides accounts
of bird hunts in wetlands. Wetlands are important bird
habitats, and birds nse them for breeding, nesting, and
rearing young {fig. 30). Birds also use wetlands as a
source of drinking water and for feeding, resting,
shelter, and social interactons. Some waterfow], such
as grebes, have adapted to wetlands to such an extent
that their survival as individeal species depends on the
availability of certain types of wetlands within their
geographic range. Other species, such as the northern

pintail or the American widgeon, use wetlands only
during some parts of their lives.

Wetlands occupy only a small part of the land-
scape that is now the conterminous United States—
11 percent in 1780 and just 5 percent in 1980 (Dahl
and others, 1991). Nonetheless, they are important to
birds. During the past 20 years, policies and programs
that encourage altering, draining, or filling of wet-
lands have decreased, and policies that encourage
wetland conservation and restoration have increased.
(See article “Wetland Protection Legisiation” in this
volurne,) Among the wetland attributes society seeks
to protect and conserve are those that benefit wildlife,
particularly migratory birds. This article discusses the
benefits that wetlands provide for birds and the effects
of wetland losses on hirds.

o Figure 29. The importance of
¢ -wetland birds to ancient people is
-portrayed in these two artifacts,
The petroglyph at the left, created
hetwaen A 1300 and 1650, is
located at Petroglyph National
Monument near Albuquerque, N.
Mex. The clay “duck pot” at the
right, fired between 200 B.C. and
AL, 560, was unearthed at
Hopewell Culture National
Historical Park, Chilticothe, Ohio.
{(Photographs courtesy of the
National Park Service.}

¥ National Biological Service,
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WETLAND FACTORS THAT AFFECT
BIRDS

UUThe relation between wetlinds and birds is
shaped by many factors. These include the availabil-
ity, depth, and quality of water; the availability of
food and shelter; and the presence or absence of
predators, Birds that use wetlands for breeding de-
pend on the’ phys;cal and biological attributes of the
wetland, Birds have daily and seasonal d{:pendenc;es
B on wetlands for food and other life-support systems.
i Thevalkue ofa weﬁlané to a specific bird species

is aifscted by the presence of surface water-or moist
"“soils and the. duration and timing. of ﬁoodmg Water
might be Qresem during the entire year, during only
- One O M0IE Seasons, during tidal inundation, or only
3 -'temporarﬂy during and after rainfall or snowmelt. At
. fimes water might not be present at the land surface,
- but might be close enough 1o the land surface to main-
tainthe Vegetau{»’a and foods that are needed by birds.
Birds may use wetlands Jocated in depressmﬁs inan
otherwise dry 1anéscape§ along streams, of in lidally
: _mﬂuenced BYCAs Near. shomlmes

“The avallablhty or influence of ‘water is a very
Jmportant ‘wetiand feature to'hirds, Itis not, however,
_the:only: feature that determines 'if birds will be
present; how:birds use the wetiand or how many
kindsor numi:e:s of ‘:nrds may use the wetland. Other
"detersmmng ‘physical ‘or biclogical factors include
_ water depth and temperature, presence or absence of
Figure:  FACCO a‘wetland predator vegetation, patchiness or openness of vegetation, type
thateats: ‘eggs and preys onbiids. (Photo- of vegetation, foods, water chemistry, type of soils,
: cormesy of Naf:onaf Biologfcal . and geographic or topographic location. Any varia-

W aliannia tions in any of these wetland features will cause
subtle, but distinct, differences in bird use,

Weilands provide food for birds in the form of
plangs, v{:rt&brdtes, and invertebrates. Some feeders
ierage for food in the wetland soils, some find food
in the water column, and some feed on the vertebrates
and invertebrates that live on submersed and emer-
gent plants. Vegetarian birds eat the fruits, tubers, and
leaves of wetland plants. Water temperatures influ-
ence food production. Invertebrate production in the
water column may ultimately depend on water tem-
perature and the ability of a wetland to produce al-
gae. Cold water nright not be a hospitable environ-
ment for small animals and plants that some wetland
birds eat. However, water that is too warm also might
not produce foods that some birds prefer.

Wetland vegetation provides shelter from preda-
tors and from the weather, The presence or absence
of shelter may influence whether birds will inhabit a
wetland or.a nearby upland arca. Predators are likely
to abound-where birds ‘concentrate, breed, or raise
their young. ‘Wetlands form an important buffer or
barrier toland-based predators'and reduce the risk of
predation o nesting or young ‘mrds However, some
predators, ‘such as Ihe raccoon (fig.-31), are well
adapted to both wetland and upland environments,
and take large numbers of both young and nesting
birds. Mink forage for nesting or slecping birds along
the edges and interiors of wetlands. Other animals,
such as the snapping turtle, the alligator (fig. 32), or

SR : : the large-mounthed bass, are effective water-based
Figure 33. This Amer ittern - with its prote -t predators of young birds, particularly young water-
coloration, iswelbhidden inthe vegétation. {Pbofegraph fowl. Snakes take their toll as well. Many bird spe-
by james Leopold, National Biological Service.) cies that are highly adapted to feeding in a wetland

The geographic
location of a wet-
land may determine
how and when birds
will use it.

Fagure 32, The'American.a : :
voracious predator of wetland birds in the South. -(Photo-
graph courtesy of National Biological Service.)
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Figure 34. Major flyway corridors for migrating birds in the Western Hemisphere. {Source: From (.S, Fish

and Wildlife Service files.)

environment also have genetic adaptations that lower
their risk of becoming prey. One such example is the
bittern (fig. 33), which has excellent protective col-
oration, The same vegetation that hides birds from
predators also provides some shelter from severe
weather. In spring, during cold and stormy weather,
waterfow] such as canvasback ducks protect their
young in the shelter of a marsh that is almost impen-
etrable o wind.

The geographic location of a wetland may deter-
mine how and when birds will use it or use adjacent
habitat. In the northern latitudes or at high altitudes,
some wetlands are covered with ice in the winter and
are femporarily “out of service” for birds adapted ro
a water environment, but emergent vegetation might
still offer shelter and food for some species. Birds that
eat fish, aguatic invertebrates, or submersed vegeta-
tion cannot forage for food because of the ice cover.
Some wetlands are on the migration path of water-
fowl and other migratery birds and provide stopover
locations for traveling birds (fig. 34). These birds
might feed in agriculivral fields during the day and
return to the shelter of wetlands during the night,

The “prairie potholes™ are a special type of wet-
land, found in the north-central part of the United
States. These potholes are an example of a wetland
type that is important to migrating waterfowl. Here
the timing and duration of inundation and the salin-
ity of the water are important factors in the produc-
tion of plants and invertebrates used by birds. These,
and many other wetland characteristics, are influ-
enced by a number of things:

« Water-level fluctuations throughowt the year, in re-
sponse 1o rainfall and snowmeit, that maintain
wetland zones such as wet meadows and marshes

* Short-term (years) and long-term (decades) cli-
matic trends that cycle wetlands between a wet
and dry state

+ Interaction of surface and ground water

» Interaction of ground water with rocks and soils
that influence salinity and other wetland water
chemistry

THE IMPORTANCE OF WETLANDS TO
BIRDS

Because of the great variety of wetlands, bird
adaptation to and use of wetland environments dif-
fers greatly from species to species. Birds” use of
wetlands during breeding cycles ranges widely, Some
birds depend on wetlands almost totally for breeding,
nesting, feeding, or shelter during their breeding
cycles. Birds that need functional access to a wetland
or wetland products during their life cycle, especially
during the breeding season, can be cafled “wetland
dependent” {table 5}, Other birds use wetlands only
for some of their needs, or they might use both wet-
land and upland habitats. Of the more than 1,900 bixd
species that breed in North America, about 138 spe-
cies in the conterminous United States are wetland
dependent {American Ornithologists’Union, 1983).

Many bird species ase forested wetlands as well
as forested uplands, feeding on the abundant insects
associated with trees (fig. 35). These birds are not de-

51
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Table 5. Wetland-dependent breedmg birds of the conterminous Umte{i Sta{es g uchng tederally endangered or threatened spec;es ané subs;}ec;es‘ :

[Saurce: Cata from American Omithologists’ Umcn 1983 Nsermg, 19588 mhrlscﬁ and othus, ?9923

Roseate spoonbillata -
nesting rookery. (Photo-
graph by Ronald F. Paille,
UL, Fistrand Wildlife
Servme.). -

Snowy egret on the nest,
Photograph by David Hall,
U.S. Fish and Wildiife
Service.)
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* ‘pendent on ‘wetlands because they use both habitats
equally well. Some birds, such as wood ducks, are

dent on this wetiand type '

lands in the Southem United Siates, or- fa:fther south
- {fig. 34). Thmugbeut winter, these birds use south-

for their return ttip north and the: i}reedmg season,.

: and other birds. An inventory in the conterminous
- United States dunng theearly. 1950% ‘showed that of

Figure 35, Prothonotary
- warblers feed on:insects m B
forested wetlandsand 50
“uplandsalike. (Photo-- i
“graphcourtesy.of National -
“Biological Service): .

cha high value for waterfowl, 13.6 million acres were
“of moderate value, 24.1 million acres were of low
: -value, and 27.9 million acres were of negligible valve
" {Shaw dnd Fredine, 1956, p. 17). These categories
“were identified on a State-by-State basis and were
ranke according to use by waterfowl, with “high”
“peing most used. The primary focus of this inveniory
cwas waterfowl; thus these rankmgs might not reflect

. “wetland values for other birds. Also, the inventory
Cwas: for ‘only natural wetlands that had been little al-
" ered by human activities. The three areas.of highest
o 'vaii_ue are the Mississippi River corridor southward
"from Cairo, il., and westward along the Texas gulf
coast; the entire east coast from Maine southward
through most of Florida; and the northern Midwest.

Widesp_fead . THE INFLUENCE OF WETLANDS ON
draining and  wATEREOWL POPULATIONS
alteri ng of wet- Considerable research. has increased the under-
lands has affected standing -of wetlands’ - influence on the numbers of
b!t‘d popufatmns, waterfowl that breed and their breeding success.

-However, the relation between wetlands and the
' popuiaﬁén and propagation of various waterfowl
- :speciesis not well understood, This relation depends
on (1) t%le number of wetlands in the area; (2} the

: wetlanc%s ‘size-and water depth; {3) whether the wet-
lands hofd open water in the early spring or through
late August (4) the climate; and (5) the species of bird

and the bird’s adaptations to wetlands.

“In:the prairie pothole region in the late 1970%,
for example, as the number of wetlands in an area in-
creased, populations of dabbling ducks increased, but
at aratio of less than 1:1 (fig. 36). In the past 20 years,
the duck-pothole ratio has decreased, possibly due to

decreases in upland cover and
increases in predation. Bellrose
{1977y also found waterfowl
densities and propagation to be
related to the number of wet-
tands per square mile; gener-
ally, waterfowl densities and
propagation increased as the
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40 * Paridands % number of wetlands increased.
w- g = Mikedprae 7 However, he found that mallard
20 - ;?f" e Shorigss praido production decreased when the
b E L ~ 3 number of wetlands exceeded
Oy s e i @ 25 a6 38 ap 12 per square mile.

PONDS PER SQUARE MILE Different waterfow! spe-

cles adapt to different wetland
types, inhabit different geo-

Figure 36. The relation of pond density increase to
number of ducks. {(Source: After Bellrose, 1977)

found primarify in forested: weﬂancis an(% are depenm_ :

Many migratory: birds re _wztlané depcndent B
" using wetlands during theicmigration:and breeding -
" seasons. Migratory birds may: ‘spend the winter in wet-

emn wetlands forfood and nutrients-to sustain :hem-

Not all wetlands are ﬁf aqual yalue'to waterfow} :

744 million acres of" wetlands, 8.8 million acres had
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graphic areas, and nest at different times, The rela-
tion of many other species of birds 10 wetlands are

. undoubtedly just.as complex..

-EFEECTS.OF WETLAND 10OSS AND
- DEGRADATION ON BIRDS

About one-tinrd of North Amerzczm bird sgecms'

use wetlands for food, shelter# and {or} breeding .
{Kroodsma, 1979). ‘Thus, mdﬁspread draining andal- -
tering of wetlands has affected bird populations, Be-:
. cause most of the wetland drainage and alterationoc-" . -
curred betweenihe 1930 and 1950, before scientific' ..
"estimates of bird populations began most estimates

of population declines are inferred. Before the pas-
sage of the Migratory Bird Treaty Act in 1918, the
reduction in waterfow! populations was blamed
largely on excessive hunting and wetland drainage
(Day, 1959). However, since 1930 most of the reduc-
tion has been attributed to the loss or degradation-of
wetlands (Bellrose and Trudean, 1988) and the Joss
of suitable upland habitats that surround wetlands.

For most wetland-dependent birds, habitat foss
in breeding areas translates directly into population
losses. As wetlands are destroyed, some birds may
move to other less suitable habitats, but reproduction
tends to be lower and mortality tends to be higher.
Hence, the birds that breed in these poorer quality
habitats will not contribute to a sustainable popula-
tion through the years (Pulliam and Danielson, 1991).

About one-half of the 188 animals that are fed-
erally designated as endangered or threatened are '
wetland dependent (Niering, 1988). Of these, 17 are
bird species or subspecies (table 5). These birds are
categorized as endangered or threatened because their
populations are so low that the risk of their extine-
tion is real and immediate. The circumstances that
cause each species or subspecies to be endangered
differ greatly.

Wettand loss due to draining, filling, or aitering
of surface-water and ground-water flow is a concern
to many people, Wetland degradation also has a sub-
stantial effect on birds. Although wetland degradation
is a serious preblem, it is one that is more subde and
iess understood than wetland losses. Degradation can
take many forms:

« Amounts and periodicity of water supplies can be
altered
« The guality of water flowing into and through a
wetland can be modified
« The flows of sediments or freshwater to coastal
marshes can be reduced
« Water levels can be stabilized in wetlands that oth-
erwise would undergo beneficial drawdowns o7
water-table fluctuations
» Weiland vegetation may be altered by harvesting
or by introducing exotic species, making it of
little or no value o wetland-dependent birds
An example of wetiand degradation is found in
the Chesapeake Bay region. Nutrients and sediments
entering the bay from agricultural, urban, and indus-
trial areas have caused increased algal blooms, de-
creased invertebrate production, and lowered oxygen
levels. This degradation has reduced the acreage of
seagrasses that form an important link in the food
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chain for invertebrates, fish, and wetland-dependent
birds. The decline in the canvasback duck population
in this area is thought to be directly related to the de-
cline in seagrasses.

Chermicals and sediments:that move from agri-
culfural areas into wetlands are two of the most per-
vasive sonrces of {iegmdatlon “The shift in human
populations from irdand areas to coastal areas of the
United States has caused probl&ms 1n coastal wet-
tands through overloaded sewage freatment systems.
The large and growing volume of industrial wastes
that epter ground- and surface-water supplies also
threatens to degrade wetlands. These threats, com-
bined with habitat destruction, have a net negative ef-
fect on the population of wetland birds. Thus, if the
amount and guality of wetland habitat is substantially
reduced, populations of wetland-dependent birds in
the area also can be expected to decrease.

SOME EFFORTS TO PRESERVE WETLAND
BIRD HABITATS

Many people believe that ownership or manage-
ment of wetlands by public conservation agencies,
such as the 1.8, Fish and Wildlife Service, and by
private organizations, such as the Nature Conser-
vancy or the National Audubon Society, offers the
best assurance that the highest value wetlands will be
maintained for future generations. (A discussion of
the agencies and organizations that ;)articipate in
management and conservation of wetlands in each
State ¢can be found in the State Summaries section of
this report,)

A few early concems for wetlands bmportant to

waterfowl are reflected in the creation of the first

national wildlife refuge and in the establishment of
the Federal Duck Stamp program. The fitst national
wildlife refoge was created in 1903, by President
Theodore Roosevelt, to protect a wetland-—Pelican
Island, Florida (U.S. Fish and Wildlife Service,
[19951). Concern for the loss of waterfow! led o the
Federal Duck Stamp program that began in 1934
{Mitsch and Gosselink, 1993) and continues today.
Duck stamps are sold to waterfowl hunters to pro-
vide money for the purchase or preservation of wet-
lands (fig. 37).

Several international treaties are partly respon-
sible for much of the formal wetland protection in this
country—the Migratory Bird Treaty and the Conven-
tion on Wetlands of International Importance espe-
cially as Waterfow] Habitat, “In 1918, the Ulnited]
Sitates] passed into law the Migratory Bird Treaty
Act, ratifying a treaty with Great Britain, on behalf
of Canada, that recognized the conservation respon-
sibilities for more than 860 species of migratory birds
shared by the two countries” (I1.S. Fish and Wildlife
Service, [19951). Subsequent to that act, the United
States developed the National Wildlife Refuge Sys-
tem consisting of 500 reserves—many of which are
wetlands important to birds—-comprising more than
90 milion acres (fig. 38). The system has the high-
est ratio of wetlands to dry land in public ownership.
The National Park Service manages the Fverglades
National Park and several preserves that also have
high ratios of wetlands to dry lands.

The Conventior on Wetlands of Internationat
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Figure'37. The purchase of duck stamps prowdes
tunds far the acquisition or protection of wetlands
important to waterfowl. (Source: UL.S. Fish and
Wildlife Service.}

Importance especially as Waterfow! Habitat, more
commonly kaown as the “Ramsar Convention” is an
intergovernmental treaty for international cooperation
for the conservation of wetland'habitats. The U.5. Fish
and Wildlife Service is responsible for implementa-
tion of the convention in the United States. A “List of
Wetlands of International Importance” has been de-
veloped by the corvention. Sites oa this Hst are known
as “Ramsar Sites” and are wetlands that convention
members have a spacial obligation o preserve. There
are 15 Ramsar sites in this country (fig. 38).

SUMMARY AND CONCLUSIONS

Human activities have caused shifts in wetland-
dependent bird populations since European settle-
ment of the United States, especially since the be-
ginning of the 20th century. Many acres of wetlands
were drained between the 1930% and 1950, well be-
fore any of the national bird surveys were begun. As
aresult, itis not possible fo accurately determine the
effects of kabitat destruction on long-term wetland
bird populations.

It is apparent that there have been many changes
in the distribution and numbers of wetiand birds.
Wetlands on breeding, migratory, or wintering areas
are ali important to sustain bird populations. As the
wetland habitats in these areas are drained or altered,
the ability of these areas to sustain bird populations
decreases. Hach species of wetland-dependent bird
has 4 unigue and complex set of needs for wetland

About one-half of

the 188 animals
that are federally
designated as
endangered or
threatened are
wetland dependent.
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{Source: .S, Fish and Wildlife Service, 1993, {1995].)

habitats that makes it difficuit to generalize about how
loss or degradation of wetlands affects bird popula-
tions, It seems reasonable to expect, however, that as
the nombers of wetlands in a region decline, so loo
will the numbers of wetland-dependent birds.

In some parts of the United States, extensive
wetland losses have displaced birds from large areas.
Continued  wetland losses probably will cause con-
tinued losses of wetland birds. However, recent rec-
ognition of the wetland values, and the effects of their
iosses, have provided incentives 10 maintain and re-
store wetlands.
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By Todd H. Votteler' and Thomas A. Muir?

The peopﬁe of the Umted States have begun to
recognrize that wetlands have numerous and widespread
benefits. However, many of the goods and services
wetlands provide have little or no market value. Be-
cause of this, the benefits produced by wetlands accrue
primazily to the general public. Therefore, the Govern-
ment provides incentives and regulates and manages
wetland resources to protect the resources from deg-
radation and destruction. Other mechanisms for wet-
langt protection include acquisition, planning, mitiga-
tion, disincentives for conversion of wetlands to other
Tand uses, technical assistance, education, and research.

_Although many States have their own wetland
regulations, the Federal Government bears a major re-
spous;hmty for regulating wetlands. The five Federal
agengcies that share the primary _r_espeasxbahty for pro-
tecting wetlands include the Department of Defense,
U.S. Army Corps of Engineers (Corps); the U.S, En-
vironmental Protection Agency (EPA); the Depart-
ment of the Interior, U.S. Fish and Wildlife Service
(FWS); the Department of Commerce, National Oce-
anic and Atmospheric Adminisiration (NOAA); and
the Department of Agriculture, Natural Resources

Conservation Service (NRCS) {formerly the Soil Con-
servation Service). Each of these agencies has a dif-
ferent mission that is reflected in the implementation

.of the agency’s authority for wetland protection. The
Corps’ duties are related to navigation and water sup-
ply. The EPA’s authorities are reiaied to protecting
wetlands primarily for their coniributions to the
chemical, physical, and biclogical inteprity of the
Nation’s waters, The FWS’s authorities are related to
managing fish and wildlife—game species and threat-
ened and endangered species, Wetland authority of
NOAA lies in its charge to manage the Nafion's coastal
resources. The NRCS focuses on wetlands affected by
agriculfural activities.

States are becoming more active in wetland pro-
tection. As of 1993, 29 States had some type of wet-
land law (Want, 1993). Many of these States have
adopted programs to protect wetlands beyond those
programs enacted by the Federal Government. As
more responsibility is delegated from the Federal
Government to the States, State wetland programs are
gaining in importance. Thus far, States have devoted
more attention to regulating coastal wetlands than in-
land -wetlands. The most comprehensive State pro-
grams inclade those of Connecticut, Riode Island,
New York, Massachusetts, Florida, New Jersey, and
Minnesota (Mitsch and Gosselink, 1993). Many of
these States regulate those activities affecting wetlands
that are exempt from the Clean Water Act, Section 404
program. (For more information on specific State wet-
land protection programs, see the State Summary sec-
fion of this volume.)

Despite the current recognition of wetland ben-
efits, many potentially conflicting interests still exist,
such as that between the interests of landowners and

* University of Texas.
? National Biological Service.

the general public and between developers and con-
servationists, Belated recognition of wetland benefits
and disagreement on how 1o protect them has led to
dtscrﬁpﬂll(;les in Tocal, State, and Federal guidelines.
Discrepancies in Federal programs are apparent in
table 6, which shows programs that encourage con-
version of wetlands and those that discourage conver-
sion of wetlands. Conflicting interests are the source
of much tension and controversy in current wetland
protection policy, Although attempts are being made
to recongile some of these differences, many policies
will have to be modified to achieve consistency.

Df:s'p}te all- the government legislation, policies,
and programs, wetlands will not be protected if the
regulations are not enforced. Perhaps the best way to
protect wetlands is to educate the public of their ben-
efits. If the public does not recognize the benefits of
wetland preservation, wetlands will not be preserved.
Protection can be accomplished only through the co-
operative efforts of citizens,

FEDERAL WETLAND PROTECTION
PROGRAMS AND POLICIES

“The Federal Government protects wetlands di-
rectly and indirectly through regulation, by acquisi-
tion, or through incentives and disincentives as de-
sciibed in table 6. Section 404 of the Clean Water Act
is the primary vehicle for Federal regulation of some
of the activities that occur in wetlands. Other pro-
grams, such as the “Swampbuster” program and the
Coastal Management and Coastal Barriers Resources
Acts, provide additional protection. Coastal wetlands
generally benefit most from the current network of
statutes and regulations. Iniand wetlands are more
vitlnerable than coastal wetlands to degradation or loss
because current statutes and policies provide them less
comprehensive protection. Several of the major Fed-
eral policies and programs affecting wetlands are dis-
cussed in the following few pages. Also discussed are
some of the States” roles in Federal wetfand policies.

The Clean Water Act

The Pederal Government regulates, through Sec-
tion 404 of the Clean Water Act, some of the activi-
ties that occur in wetlands. The Section 404 program
originated in 1972, when Congress substantially
amended the Pederal Water Pollution Control Act and
created a Federal regulatory plan to control the dis-
charge of dredged or fill materials into wetlands and
other waters of the United States. Discharges are com-
monly associated with projects such as channel con-
struction and maintenance, port development, fills o
create dry Tand for development sites near the water,
and water-control projects such as dams and levees.
Other kinds of activities, such as the straightening of
river channels to speed the flow of water downsiream

If the public
does not recog-
nize the benefits
of wetland
preservation,
wetlands will not
be preserved.
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Table 6. Federal programs that have significant effects on wetlands In the United States. A, Regulations encouraging wetland conversion.
B, Regulations discouraging or preventing wetland conversion. €, Acquisitions discouraging or preventing wetland conversion. D, Other policies
and programs preventing or discouraging wetland conversion,

{Abbrevations: AFA, Al Federal Agencies; ASCS. Agrfcultural Stabilization and Conservation Service; BLM, Bureau of Land Managemert; Corps, U.S. Amy Corps of Engineers;
WS, Canadian Wildlife Service; DOD), Department of Defense; DOE, Department of Energy; DO, Department of the Interior; DO, Department of Transportation;

A, ENCOURAGING WETLAND CONVERSION

AFA

Provides & review process for agencies o protect against unintentiona! "takings® of

Executive Order 12630, Constitutional Takings :
private property. B
A : Highway construction can affect wetlands at every stage, Wetiands are often prime sites
Federal-Aid Highway Act of 1968 Dot for highways. -
Federal Crop Fnsurance USDA indirecily encourages farmers to place frequently inundated areas, including wetlands,
. into produgtion.
Federal Livestock Grazing  USFS, BLM  Overgrazing promotes the loss of riparian habitat,
Flocd Control Act of 1844 Corps Authorized various flood-control projects resulting in watland destruction.
(P.L, 78-534)
National Flood Insurance Program FEMA Encourages development in flood plains, which contain wetlands, by providing fow-cost
: Federal insurance.
- Payment-in-Kind {PIK) Pragram USDA Indirectly encourages farmers 10 place previously unfarmed areas, including wetlands,
B into production,
' i Prai Encourages State and local participation in small western reclamation projects, which
_ Small Reclamation Projects Acts of 1356 £70 Stat. 1044) DO can destroy riparian habitat
Surface Mining Controt and Reclamation Act pOE Establishes a program for regulating surface mining and reclaiming coal-mined lands,
{BL., 95-87, {1977} including wetlands, under the Office of Surface Mining, Reclamation, and Enforcement,
Surface Tmnsfi;}'%g%f‘(gﬁ"?gfaﬁgg noT Transportation projects directly and indiractly dastroy wetlands,
148, Tax Code s Encourages farmers to drain and cisar wetlands through tax deductions and eredits for
- development activities.
Water Resources Development Act of 1976, 1986, 1988, Corps Water development projects directly and indirectiy destroy wetlands.

1990 (P.L.'s 94-587, 99-682, 100-575, 101640}

B, DISCOURAGING OR PREVENTING WETLAND CONVERSION-—Reguiations

“AFA

Comprehensive Environmantal Response Compensation Establishes Hability of the U.S. Government for damages to natural resources over which
and Liability Act {Superfund} (P.L. 96-5710) {1980) the 115, has soversigs rights. Requires the President to designate Federal
officials to acl as frustess for natural resources, and to conduct natural resource
damage assessments,

# Coastal Barriers Resources Act (P.L. 98-348; (1982} NOAA Designates various undeveloped coastal barrier islands for inctusion in the Coastal
Barrier Resources System, Designated zreas are ineligible for Federal financial assistance
that may aid developmaent.

* Coastal Zone Management Act (P.L. 92-583) (1972} NOAA Pravides Federal funding for wetlands programs in most coastal States, incluging the
preparation of coastal zone management plans.

Estuary Protection Act {P.L. 90-454) {1968) DY Authorized the study and inventory of estuaries, and the Great Lakes, and provided
for management of designated estisarios between DO! and the States.
* Federal Water Pollution Control {P.L. 82-500)  Corps, EPA  Regulates many activities that invoive the disposal of dredged and fill meterials in
(Cloan Water Act) Section 404 {1972) FWS, NMFS  waters of the United States, including many wetlands.
Federal Water Project Recreation Act (P.L. 88-72) (19858}  DOI, Corps  Recreation and fish and wildlife enhancement must be considered hy Federal water
projects. Authorizes Federal funds for acquiring land for waterfowd refuges.
Fish and Wildiife Coordination Act of 1558 Dol Authorizes the development and distribution of fish and wildlife information and the
) development of policies and procedures relating to fish and wildiife,
Migratory Bird Conservation Act {45 Stat, 1222} {1929) FWS Established a commission to epprove the acquisition of
migratory bird hahitat.
Nationat Wildiife Refuge Acts {numerous Acts} FWS Numercus statutes establish refuges, many of which contain significant
wetland acreage.
National Environmental Policy Act of 1868 (PL. §1-196) AFA Requires the preparation of an environmental impact staterment of all major Federal
actions sigaificantly affecting the environment.
Rarsar Convention {Treaty), adopted 1973, FWS Convention maintains a list of weflands of international importance and encourages the
enforced from 1975 wise use of watlands.
Rivers and Harbors Act of 1938 {52 Stat. 802) Corps Provides that "due regard” be given to wildlife conservation in planning Federsl
waier projects.
Rivers and Harbors Appropriation Aet of 1899, Corps Prohibits the unauthorized obstruction or alteration of navigable waters.
Section 10 of the (30 Stat. 1181
Watershed Protection and Flood Pravention Act  FWS, NRCS  Authorizes the EWS to investigate wildfife conservation on NRCS smail
{68 Stat. 886) {1954) watershed projects.
Witd and Scenic Rivers Act, {PL, 90-542) {1968)  DOI, USDA  Protects designated river segments from damming and other alterations withoswt
a persit,
Wilderness Act of 1964 (78 Stat, 890} DOL USDA  Requires review of Federat lands for inclusion in the National Wildernose

Preservation System.

* Discussed in text.
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Department of Agriculture; USFS, U5, Forest Service]

Coastal Wetland Planning, Protection and
Restoration Act {P.L. 101-646) {1990}
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{Abbrevations—Continued. EPA, U.S. Fnvironmentai Protection Agency; FEMA, Federal Emergency Management Agency; FERC, Federal Energy Regulatory Commission; FmHA,
Farmer's Home Administration; FWS, LS. Fish and Wildtife Service; GSA, General Services Administration; 1RS, Infemal Revenue Service; NMFS, National Marine Fisheries Service;
NOAA, National Oceanic and Atmospheric Adrminisiration; NPS, National Park Service; NRCS, Natural Resources Conservation Service; USCG, U.S. Coast Guard; USDA, U5,

C, DISCOURAGING OR PREVENTING WETLAND CONVERSION—Acquisitions

Pravides for interagency wetlands restoration and conservation planning and
acquisition in Loulsiana, other coastal States, and the Trust Territories.

Emergency Wetlands Resources Act of 1986 FWS Pays debts incurred by FWS for wetlands acquisition, and provides additionat ravenue
{P.1. 99-845) SOUrCes.
¥ Federal Aid in Wildlife Restoration Act 11837} FWS Provides grants to States for acguiring, restoring, and maintaining wildlife areas.
{Ch. 899, 50 5tat.917)
Fighk and Wildlife Conservation Act FWS ldentifies land and water in the Western Hemisphere critical for migratory nongame
(P.L. 36366} (1980} hirds.
Land and Water Conservation Fund Act {1964}  FWS, NPS  Acquires wikdlife areas.
L {P.L. 88-578)
Lea Act{ 62 Stat. 238) (1948) FWS Au(t:hﬁizas_ the aequiring and develaping of various waterfowl management areas
in California.
Migratory Bird Hunting and Conservation Stamps {1834) FWS Acquires wetland easements using revenues from fees paid by hunters for
{Ch. 71, 48 Stat. 452} duck stamps.
Nortir American Waterfow! Management Plan (1986) FWS, CWS  Esiablishes a plani for managing waterfowl resources by various methods, such as
acquiring wetlands.
North American Wetlands Conservation Act {1989) FW¥S Encourages public/private partnerships by providing matching grants to organizations
£, 101-233) for protesting, restoring, of enhancing wetlands.,
Surface Transportation Revenue Act of 1991 DoT Autherizes funding for wetland miigation banks for State departments of
(P.L. 102-2401 transportation.
Transfer of Certain Real Property for ~ GSA, DOl Allows the GSA fo transfer property to DOI, or States, for wildlife sonservation.
Wildlifs Conservation Purposes Act (B2 Stat. 2458) (1948
U.S. Tax Code Tax Reform Act of 1986 RS Provides deductions for donors of wetlands and to some
(P.L. 99-514) noaprofit organizations.
Water Bank Act (1970} ASCS Leases wetlands and adjacent uplands from farmers for waterfow! habitat
{PL. 91-559) for 10-year periods,
Wetlands Loan Act {1961) F¥S Provides interest-free loans for wetland seguisition and
{P.L. 87-383) eagements.

DISCOURAGING OR PREVENTING WETLAND CONVERSION--Other Policies and Programs

it

1988, 1990, {P.L's 94-587, 99-682, 100-678, 101-540)

Endangered Spacies Act of 1973 FWS Provides for the designation and protection of wildiife, fish, and plant species
{P.L. 93-206) that are in danger of extinction,
* Exseutive Order 11990, AFA Requires Federal agencies to minimize impacts of Faderat
Protection of Wetlands {1977} activities on wetlands.
* Executive Order 11988, AFA Requires Federal agencies to minimize impacts of Federal activities
Protection of Floodplains (1977} on flood plains.
Exscutive Order 12680, DGl Directs DOI to develop rules for assessing damages under CERCLA (Comprehensive
»»»»»»» Superfund Implementation {1387) Environmental Response Compensation and Liabilities Act) as a natural resource trustse.
Federal Noxicus Weed Act  DOL USDA  Authorizes controfling the spread of noxious wesds
{P.1,.93-629) (3875) DOE,DOD  on Federal lands.
Federal Power Act FERC FERC wilt cooperate with other Federal agencies in assessing proposed power projects,
{41 Stat. 1063) {1920 such as dams, FERC must consider protection of fish and wildlife resources.
Fish and Wildlife Coordination Act {1965} FWS Requires Federal agencies to consult with FWS before issuing permits for most
{P.L. 88-72} WAler-resource projects.
Food, Agricutture, Conservation, and Trade Act of 1958 NRCS Wetland Reserve Program purehases perpetual nondevelopment easements on
(P.L. 101-624) farmed wetlands. Subsidizes restoration of croplands to wetlands.
¥ Food Security Act of 1985 (Swampbusters  ASCS, FWS, "Swampbuster® program suspends agricultural subsidies for farmers wio convert wet
{P.i. 99-198) lands to agriculture,
FmHA Conservation Eagements program aliows FmHA to sliminate some farm debis in
exchange for leng-term easements that protect wetlands and other aress.
National Wildife Refuge System Administration Dot Provides the guidelines for managing National Wildlife Refuges.
Act of 1968 (P.L. 83-669}
Nonindigenous Aguatic Nulsance Prevention  FWS, USCG, Created a Federal program to prevent and controd the spread of species that are
and Control Act of 1938 (P.L. 101-846)  EPA, Corps,  aguatic nuisancas.
NOAA
Oil Potlution Actof 1990 DOE, DOl Enhanced the responss to ofl spills and required natural resource
{P.E 1071-380) NOAA damage assessments,
Tax Beductions for Conservation Easements IRS Altows taxpayers to take a deduction for a quatifisd real property interest contributed to a
(Section 6 of P|, 96-b41} conservation organization for conservation purposes.
U.8. Tax Code Heform Act of 1988 RS Eliminates incentives for clearing land. Deductible conservation expanditures must be con-
(Pl 89-514) sistent with wetlands protection. Capital gains on eonverted wetiands treated as income.
Water Resources Developrnent Act of 1978, 1986, Corps States that future mitigation plans for Federal water projects should include "in kind®

mitigation for bottom-land hardwood forasts,
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and clearing land; are regulated as Section 404 dis-
charges if they involve discharges of more than inci-

.. dental amounts.of soil or ether matenais into Wf}[]dﬂdb

“sites would adversely affect such things as mumczpai _

or other waters, :

"The Corpsand the EPA share the responmbﬁlty
for implementing the permitting program under Sec-
tion 404 of the Clean Water Act. However, Section
404(c) of the Clean Water Act gives the EPA authority
to veto'the permit if discharge materials at the selected

water %upphes, shelHish beds a:nd fi shery areas, wild-
life, or recreational resources, By 1991, the EPA had
vetoed 11°0f several hundred thousand permits since
the Act was passed (Schley and Winter, 1992).

. The review. process for a Section 404 permit is
shown in figure 39. After notice and opportunity for a
public hearing, the Corps’ District Engineer may is-
sue or deny the permit. The District Engineer must
comply with the EPA’s Section 404(b)(1) Guidelines
and must consider the public interest when evaluat-

'mg a propﬂsed pernit. Four qnesnons z’eiazed to the

APPLICANT .

SUBMITS - -

ENGINEER

FORM. 4345

TO DISTRICT

OFFICE

PERMIT
ISSUED

guidelines are considered darmg a review of an ap-
phcatmn
1. Is'the proposed discharge the least damdgmg prac-
tical aliernative?
2. Poes the proposed discharge comply with other en-
vironmental standards or regulations?
3. Will the proposed discharge significantly degrade
wetlands?
4. Have all the appropriate and practical steps been
taken to minimize potential harm to the wetlands?

"PUBLIC
NOTICE
ISSUED

APPLICATION
- RECEIVED,
ACKNOWL-
EDGED, AND
PROCESSED

APPLICANT
SIGNS AND
RETURNS
WITH FEE

APPLICATION
APPROVED

APPLICATION
EVALUATED
* Egthetics » Recreation +

‘Wetland mitigation is often required, and if required,
the permit applicant will need to develop a specific,
detailed plan.

Through a public interest review, the Corps tnes
fo balance the benefits an activity may provide against
the costs it may incur. The criteria applied in this pro-
cess are the relative extent of the public and private
need for the proposed structure or work and the ex-

“tent and permanence of the beneficial or detrimental

effectson th_eﬁpubiic and private uses to which the area
is snited. _Sor_rze of the factors considered in the public
interest review are listed in figure 39, Cumulative ef-

fects of numerous.piecemeal changes are considered

in addition to the individual effccts of the projects.
The FWS, NOAA, and State fish and wildlife
agencies, as the organizations in possession of most
of the country’s biological data, have important advi-
sory roles in the Section 404 program. The FWS and
NOAA {if a coastal area is involved) provide the Corps
ang the EPA with comments about the potential envi-
ronmental effects Df pen{hnﬁ Section 404 permits,
Other government agencies, industry, and the public
are invited to participate through public notices of
permit applications, hearings, or other information-
collecting activities. However, the public interest re-
view usually does not involve public comment unless
the permit is likely to generate significant public in-
terest or if the potential consequences of the permit
are expected 10 be significant. All recommendations
must be given full consideration by the Corps, but
there is no reguirement that they must be acted upon.

NORMAL
30-DAY :
COMMENT
PERIOD

REVIEW AND
COMMENT BY
APPROPRIATE
FEDERAL AND
STATE
AGENCIES
{EPA, FWS,
AND OTHERS)

APPLICATION
REVIEWED BY &
U.S. ARMY ™
CORPS OF
ENGINEERS

PUBLIC
HEARING MAY
BE HELD

» Fish yidues - Land use «

APPLICATION
DENIED

= Wildiife value » Econormsics
+ Food production = N
» Foad-damage prevention

« Safety + Conservation +
« Enwirorimental concerns «
3 » Historic valua +




If the FW S or NOAA disagree with a permit approved
by a District Engineer, they can request that the per-
mit be reviewed at a higher level within the Corps.
However, the Assistant Secretary of the Army has the
unilaterai right to refuse all requests for higher level
reviews: The Assistant Secretary accepted the addi-
tional review of 16 of the 18 requested out of the total
105,000 individual permits issued between 1985 and
1992 (Schiey and Winter, 1992),

Because many activities may cause the discharge
of dredged and fill materials, and the potential effects
of these activities differ, the Corps has issued general
regulations to deal with a wide range of activities that
could require a Section 404 permit. The Corps can
forgo individual permit review by issuing general per-
mits on a State, regional, or nationwide basis. Gen-
eral permits cover specific categories of activities that
the Corps determines will have minimat effects on the
aguatic environment, including wetlands. General
permits are designed to allow activities with minimal
effects to begin with Httle, if any, delay or paperwork.
General permits authorize approximately 75,000 ac-
tivities annually that might otherwise require a per-
mit {U.S. Environmental Protection Agency, 1991);
however, most activities in wetlands are not covered
by general permits {(Morris, 1991),

Not all dredge and fill activities require a Section
404 permit. Many activities that cause the discharge
of dredged and fill materials are exempt from Section
404, The areas specifically exempted from Section 404
include: normal farming, forestry, and ranching activi-
ties; dike, dam, levee, and other navigation and trans-
portation structure maintenance; construction of tem-

Table 7. Methods of altering wetlands
[Source: The Conservation Foundation, 1988, p. 15]

porary sedimentation basins on construction sites; and
censtruction or maintenance of farm roads, forest
roads, or temporary roads for moving mining equip-
ment (Morris, 1991). In addition. the Corps” flood-
control and drainage projects and other Federal
projects authorized by Congress and planned, fi-
nanced, and constructed by a Federal agency also are
exempt from the Section 404 permiting requirements
if an adequate environmental impact statement is pre-
pared.

Not all methods of aifering wetlands are regulated
by Section 404. Common methods of altering wetlands
are listed in table 7. Unregolated methods include:
wetland drainage, the lowering of ground-water lev-
els in areas adjacent to wetlands, permanent flooding
of existing wetlands, deposition of material that is not
specifically defined as dredged and fill material by the
Clean Water Act, and wetland vegetation removal (Of-
fice of Technology Assessment, 19384},

State authority over the Federal Section 404 pro-
gram is & goad of the Clean Water Act. Assumption of
authority from the EPA has been completed only by
Michigan and New Jersey. Under this arrangement, the
EPA is responsible for approving State assumptions
and retains oversight of the State Section 404 program,
and the Corps retains the navigable waters permit pro-
eram (Mitsch and Gosselink, 1993). States cannot is-
sue permits over EPA’s objection, but EPA has the an-
thority to waive its review for selected categories of
permit applications. Few States have chosen to assume
the program, in part because few Federal resources are
available to assist States and assumption does not in-
clude navigable waters {World Wildlife Fund, 1992).
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The Clean Water
Act regulates
dredge and fill
activities that
would adversely
affect wetlands

Filting

adding any material to raise the botom level of a wetland

or to replace the wetland with dry land

Draining

removing the water from a wetland by ditching, tiling,
pumping, and so forth

Excavating
a wetland

dradging and remaving soil and vegetation from

Diverting water away

preventing the flow of water into a wetland by removing water upstream,

lowering lake levels, or lowering ground-water fables

Claaring

removing vegetation by burning, digging, spplication of herbicide, scraping,

mawing, or otherwise cutting

Flooding

ralsing water levels, sither behind dams, by pumping, ot otherwise

channeling water inte a wetland

Diverting or withhoiding sediment

trapping sediment by constructing dams, channeis, or other types of projects,

thereby inhibiting wetland regeneration in natural deposition areas such as deltas

Shading

placing pile-supported platforms or bridges over wetiands,
causing vegetation to die because of & lack of adequate suntight

Conducting activities in adjacent areas

disrupting the interactions between wetlands and adiacent land areas,
or incidentaily affecting wetlands through activities at adjoining sites

Changing nutrient lavels

increasing or decreasing nutrient levels within the focal water and or soi

{ systam,

forcing wetland plant community changes

Introducing toxics

wetland plants and animals

adding toxic compounds to a wetland either intentionally (for sxample, herbicide freatment to
reduce vegetation} or unintentionally, adversely affectin

Grazing

consumption and compaction of vegetation by

domestic or wild animals

Disrupting natural populations

reducing populations of existing species, introducing exotic species,

or otherwise disturbing resident organisms
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"Swampbuster”
removes Federal
incentives for
the agricultural
conversion of

L wet_[ands

The Coastal

Zone Manage-
ment Program
provides States
with some
control over
wetland

resources.

“Swampbuster”

The program that seeks to remove Federal incen-
fives fer the agriculiural conversion of wetlands is pait
of the Food Security Act of 19835 and 1990, and is
known as “Swampbuster.” Swampbuster venders farm-
ers who drained or otherwise converted wettands for
the purpose of planting crops after December 23, 1985,
ineligible for most Federal farm subsidies. Through
Swampbuster, Congress directed the U.S. Department
of Agriculture (USDA) to slow wetland conversion by
agricultural activities (U.S. Fish and Wildlife Service,
1992). The government programs ‘that Swampbu%ter
specifically affects are listed in Section 1221 of the
Food Secuniy Act. I 1 farmer loses eligibitity for
USDA programs under Swampbuster, he or she may
regain eligibility during the next year simply by not
using wetlands for growing crops. Swampbuster is ad-
ministered by USDA’s Consolidated Farm Service
Agency, The NRCS and the FWS serve as technical
comu}tams (World Wildlife Fund, 1992).

The ‘Swampbuster was amended by the Food,
Agriculture, Conservation, and Trade Act of 1990 to
create the Wetland Reserve Program, The Weiland Re-
serve Program provzdes ﬁnanczai incentives to farm-
e13 to restore and protect wetlands through the use of
Iong -term easements {usually 30-year or permanent).
The program provides farmers the opportunity to of-
fera property casement for purchase by the USDA and
to recieve cosi-share assistance {from 50 to 75 percent)
to restore converted wetlands. Landowners make bids
to_participate in the program. The bids represent the
payment they are willing to accept for granting an
easement to the Federal Government. The Consoli-
dated Farm Service Agency ranks the bids according
to the environmental benefit per dollar. Easements
require that farmers implement conservation plans
approved by the NRCS and the FWS. Enrollment in
the pilot program was authorized for nine States. The
program’s goal is to enroll 1 million acres by 1995
(11.8. Fish and Wildlife Service, 1992}, Funding for
this program is appropriated annually by Congress
(1.8, Army Corps of Engineers, 1994). Because 74
percent of United States’ wetlands are on private land,
programs that provide incentives for private landown-
ers to preserve their wetlands, such as the Wetland
Reserve Program, are critical for protecting wetlands
{Council of Environmental Quality, 1989).

Coastal Wetlands Protection Programs

The 1972 Coastal Zone Management Act and the
1982 Coastal Barriers Resources Act protect coastal
wetlands, The Coastal Zone Management Act encour-
ages States (35 States and territories are eligible, in-
cluding the Great Lakes States) to establish voluntary
coastal zone management plans under NOAA's
Coastal Zone Management Program and provides
funds for developing and implementing the plans. The
NOAA also provides technical assistance to States for
developing and implementing these programs. For
Federal approval, the plans must demonstrate enforce-
able standards that provide for the conservation and
environmentally sound development of coastal re-
sources. The program provides States with some con-
trol over wetland resources by requiring that Federal
activities be consistent with State coastal zone man-

agement plans, which can be more stringent than Fed-
eral standards (World Wildlife Fund, 1992, p. 87). A
State also can require that design changes or mitiga-
tion requirements be added to Section 404 permits to
be consistent with the State coastal zone management
plan. The Coastat Zone Management Act has provided
as much as 80 percent of the matching-funds grants
o States to develop plans for coastal management that
emphasize wetland protection (Mitsch and Gosselink,
1993). Some States pass part of the grants on to local
governments. The Act’s authorities are limited to wet-
lands within a State’s coastal zone boundary, the defi-
nition of which differs among States. As of 1990, 23
States had federally approved plans.

The 1982 Coastal Barriers Resources Act denies
Federal subsidies for development within undevel-
oped, unprotected coastal barrier areas, including
wetlands, designated as part of the Coastal Barrier
Resources System. Congress designates areas for in-
¢lusion in the Coastal Barriers Resource System on the
basis of some of the following criteria {Watzin, 1990):

+ Size

» Development status

« Composition

» Wind, wave, and tidal energies

* Associated aquatic habitat, including adjacent
wetlands

In addition, States. local governments, and con-
servation organizations owning lands that were “oth-
erwise protected” could have their lands added to this
system until May 1992, (“Otherwise protected” lands
are areas within undeveloped coastal barriers that were
already under some form of protection.) Once in the
Coastal Barriers Resources System, these areas are
rendered ineligible for almost all Federal financial
subsidies for programs that might encourage develop-
meat. In paticular, these lands no loager qualify for
Federal flood insurance, which discourages develop-
ment because coastal lands are frequently subject to
flooding and damage from hurricanes and other
storms. The FWS is responsible for mapping these
areas and approves fands to be included in the system.
The purposes of the Coastal Barrier Resources Act are
to minimize the loss of human life, to reduce damage
to fish and wildlife habitats and other valuable re-
sources, and to reduce wasteful expenditure of Fed-
eral revenues (Watzin, 1990}, In the future, eligible
surplus government land will be included if approved
by the FWS. About 95 percent of the 788,000 acres
added to the system in 1990 along the Atlantic and
Gulf coasts consists of coastal wetlands and near-shore
walers {World Wildhife Fuad, 1992).

Flood-Plain and Wetland Protection
Orders

Executive Orders 11988, Floodplain Manage-
ment, and 11990, Protection of Wetlands, were signed
by President Carter in 1977, The purpose of these
Esecutive Orders was to ensure protection and proper
management of flood plains and wetlands by Federal
agencies. The Executive Orders require Federal agen-
cies to consider the direct and indirect adverse effects
of their activities on flood plains and wetlands. This
requirement exiends to any Federal action within a
flood plain or a wetland except for routine mainte-



nance-of existing Federal facitities and structures. The
Clinton administration has proposed revising Execu-
tive Order 11990 to direct Federal agencies to consider
wetland protection and restoration planning in the
larger scale watershed/ecosystem context.

WETLAND DELINEATION STANDARDS

The Corps published, in 1987, the Corps of En-
gineers Wetland Delineation Manual, a technical
manual that provides guidance to Federal agencies
zboutt how to use wetland field indicators to identify
and delineate wetland boundaries (U.S. Army Corps
of Enginecers, 19873, In January of 1989, the EPA,
Corps, SCS, and FWS adopted a single manual for de-
lineating wetlands under the Section 404 and
Swampbuster programs——The Federal Manual for
Identifving and Delineating Jurisdictional Wetlands
{commonly referred 10 as the “1989 Manual”}). The
“1989 Manual” establishes a national standard for
identifying and delineating wetlands by specifying the
technical criteria used to determine the presence of the
three wettand characteristics: wetland hydrology, wa-
ter-dependent vegetation, and soils that have devel-
oped ander anaerobic conditions {U.S. Environmen-
tal Protection Agency, 1991).

In 1991, the President’s Council on Competitive-
ness proposed revisions o the 1989 Manual bécavse
of some concern that nonwetland areas were regularly
being classified as wetlands (Environmental Law Re-
porter, 1992a}, The propesed 1991 Manual was char-
acterized by many wetland scientists as politically
based rather than scientifically based. In September
of 1992, Congress authorized the National Academy

“of Science to conduct a $400,000 study of the meth-
ods used to identify 2nd delineate wetlands {Environ-
mental Law Reporter, 1992b). On August 25, 1993,
the Clinton administration’s wetland policy, pro-
claimed that, “Federal wetlands policy should be
based apon the best science available” (White House
Office of Environmental Policy, 1993) and the 1987
Corps Manual is the sole delineation manual for the
Pederal Government until the National Academy of
Sciences completes its study {White House Office of
Enviroamental Policy, 1993).

MITIGATION

Mitigation is the attempt to alleviate some or all
of the detrimental effects arising from & given action.
Wetland mitigation replaces an existing wetland or its
functions by creating & new wetland, restoring a
former wetland, or enhancing or preserving an exist-
ing wetland. This is done to compensate for the au-
thorized destruction of the existing wetland. Mitiga-
tiorr commonly is required as a condition for receiv-
ing a permit to develop a wetland.

Wetland mitigation can be conducted directly on
a case~-by-case onsite basis, or through a banking sys-
tem. Onsite mitigafion reguires that a developer cre-
ate a wetland as close as possible to the site where a
wetland is to be destroyed. This usually invoives a one-
to-one replacement.

A mitigation bank is a designated wetland that
is created, restored, or enhanced to compensate for fa-
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ture wetlaad loss through development. Ttmay be and
usuaily is located somewhere other than pear the site
to be destroved and buikt by someone other than the
developer. The currency of a mitigation bank is the
mitigation credit, “Mitigation banks require systems
for valuing the compensation credits produced and for
determining the type and number of credits needed as
compensation for any particular project. ***Mitiga-
tion bank credit definitions are an atiempt to identify
those features [of wetland} which allow reasonable ap-
proximations of replacement” (3.8, Army Corps of
Eagineers, 1994, p. 63). Wetland evaluation methods
have beer developed or are being developed to address
the problem of evaluating two different wetlands so
that the degradation of one can be offset by the resto-
ration, enhancement, or creation of the other and to
assign either a qualitative or quantitative value to each
wetland, When buying the credits, developers pay a
proportionate cost toward acquiring, restoring, main-
taining, enhancing, and monitoring the mitigation
hank wetland. Banks cover their costs by selling cred-
its to those who develop wetlands, or by receiving a
taxpayer subsidy.

Several problems are associated with wetland
mitigation. The concept of wetland compensation may
actually encourage destruction of natural wetlands if
people believe that wetlands can be easily replaced. A
1990 Fiorida Department of Environmental Regula-
tion study examined the success of wetland creation
projects and found that the success rate of created tidal
wetlands was 45 percent, whereas the success raie for
created freshwater wetlands was only 12 percent.
{Redmond, 1992). Figure 40 shows the relative success
of wetland mitigation projects overall in south Florida,
The apparent factor controlling the Tower success rate
for freshwater wetlands was the difficulty in duplicat-
ing wetland hydrology, that is, water-table fluctua-
tions, frequency and seasonality of flooding, and
ground-water/surface-water interactions,

A study of wetland mitigation practices in eight
States revealed that in most of the States, more wet-
land acreage was destroved than was required to be
created or restored, resulting in a net loss of acreage
when mitigation was included in a wetlands permit
(Kentula and others, 1992). Less than 53 percent of
the permits included monitoring of the project by site
visit. A limited amount of information exists about the
msamber of acres of wetlands affected by mitigation or
the effectiveness of particular mitigation technigques
because of the lack of followup. Several studies in
Florida reported that as many as 60 percent of the re-
quired mitigation projects were never even started
(Lewis, 1992} In addition, the mitigation wetland
commonly was not the same type of wetland that was
destroyed, which resulted in a net loss of some wet-
land types. (See article “Wetland Restoration and Cre-
ation™ in this volume.}

RECENT PRESIDENTIAL WETLAND
PROTECTION INITIATIVES

In his 1988 Presidential address and in his 1990
budget address to Congress, President Bush echoed
the recommendations of the National Wetland Policy
Forum. The Forum was convened in 1987 by the Con-
servation Foundation at the request of EPA. The short-
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“Federal
wetlands policy
should be based
upon the best
science
available.”

15

NUMBER OF PROJECTS

0

EXPLANATION
% Al goals met

Some goals met
Few goals met
Incomplete

Figure 40. Status of 40
wetland mitigation
projects in south Florida.
The average age of the
projects was less than 2
years. {Source: Modified
from Mitsch and
Gossefink, 1993.)
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"No net qus_"_.é;‘
wetlands is a
national goal.

term reconumendation ‘of the forum was to decrease
wetiand losses and increase wetland restoration and
creation —the concept of “no net loss™-——as a national
goal. This implied that when wetland Toss ‘was un-
avoidable, creation and restoration should replace de-
stroyed wetlands (Mitsch and Gosgelink; 1993

‘On Aogust 25, 1993, President Clinton unveiled
his new policy for managing America’s wetland re-
sources. The program was developed by the Inter-
agency Working Group on Federal Wetlands Policy, a
arcup chaired by the White House Office on Environ-
mental Policy -with participants from the EPA, the
Cotps, the Office of Management and Budget, and the
Departments of Agriculture, Commerce, Energy, In-
terior, Justice, and Transportation, The Admin-
istration’s proposals mix measures that tighten restric-
tions on activities affecting wetlands in some cases and
relax restrictions in other areas. The Clinton policy en-
dorses the goal of “nonet loss” of wetlands; however,
it clearly refers to “nonet loss™ of wetland acreage
rather than “no pet foss” of wetland functions.

“'The President’s wetland proposal would expand
Federal aothority under the Section 404 program to
regulate the draining of wetlands in addition to regu-
Iating dredging and filling of wetlands. Other proposed
changes to the Federal permitting program include the
requirement that most Section 404 permit applications
be approved or disapproved within 90 days. and the
addition of an appeal process for applicants whose
permits are denied. The FPA and the Corps are di-
rected to relax regulatory restrictions that cause only
minor adverse effects to wetlands such as activities
affecting very small areas.

The Clinton policy calls for avoiding future wet-
land losses-by incorporating“wetland protection into
Stateand local government watershed-management
planning. This'new policy also significantly expands
the use of mitigation banks to compensate for feder-
ally approved wetland development or loss.

Clinton’s proposals relaxed some of the current
resirictions on agricultural effects on wetlands and in-
creased funding for incentives to preserve and restore
wetlands on agricultural lands, The administration
policy excluded 33 million acres of “prior converted
croplands™ from regulation as wetlands. Also, author-
ity over wetland programs affecting agriculture was
shifted from the FWS to the NRCS and proposed in-
creased funding for the Wetlands Reserve Program,
which pays farmers to preserve and restore wetlands
on their property.
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Wetland Management and Research
Wetland Research by Federal Agencies

By'-Riic;i"iard"E-.-.--C'diém'a.né,-iE_dw.a?d T Laﬁé'é?,' and Russell F. Theriot'

Because wetlands were drameé and filled for
farming and i)m}dmg puIposes duzmg the last several
hundred vears, tnore than hialf of the original wetlands
in the United States have been lost (Frayer and oth-
ers, 1983). Only during the last guarter century has
society begun to undersiand the value of wetlands and
the particular benefits that they provide. (See the ar-
ticle “Hmtory of Wetlands in the Conterminous Uni-
ted States” in this volume.) This understanding has
been broadened by the’ concerted efforts of many
public and private researchers. This article addresses
the research contributions of Federal agencws which
agencies are mvolve{} in wetland research, why they
are involved, and the nature of their research.

“In an effort to develop a strategy for previ enting
the further loss of wetlands, the Commrztec on Earth
and Environmental Sciences eszainhshcd a Wetlands
Research Subcommittee to determine the status of
wetland research being conducted by Federal agen-
cies. These efforts resulted in'an snpublished report
that presented a pational inventory and data base of
ongoing research and addressed future research needs
(Wetlands Research Subcommittee, unpub. data,
19923 Data presented inthe following few ;)ages are
drawn largely from these findings.

During 1992, Federal wetland research expendi-
tures were about $63 million. A total Federal invest-
ment of more than $250 miltion is distributed over the
lifetime of the existing projects. The amount of Fed-
eral research spending per Stafe is
depicted in figure 41.

THE REASONS FOR FEDERAL
INVOLVEMENT IN WETLAND
RESEARCH

Scientists from many organizations, including
those in the private sector, those from colleges and
universities, and those from public institutions, are
engaged in wetland research. Typically, each organi-
zation has its own reasons for being involved in wet-
land research. Federal wetlind research may be done -
because itis part of an agency’s mission, is part of an
agency's responsibilities as ontlined by the Congress,
or is otherwise in the national interest.

When research is mission oriented, it is part of
the basic work of an agency. Mission-oriented Fed-
eral agency wetland research generally is done for one
of five reasons:

1. Ownership—The agency owns and is responsible
for managing wetlands. The agency is the stew-
-ard of #s land.
2. Public trust responsibilities-—An agency may be
responsible for ensuring the long-term survival of
certain fish and other wildlife resources, which are

Figure 41. Cost of Federal agency wetland research,
per State, during fiscal year 1992, {Source:r Federal
Wetlands Research Inventory and Database, unpub.
data, 1992; compiled by the Wetlands Research and
Technology Center, UL5. Army Engineer Waterways

Experiment Station, Vicksburg, Miss.}

© Contributing research
Not directly related to wsilands =

Focused research
Birectly reiated to watlands

UL Army Corps of E‘.ngmcerq
* Natiora! Bivlogical Service.
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held intrust for the public. Wetlands form critical
habitat and are part of the ecological system on
which many of these species depend. _

3. Regulatory responsibilities—Becatise wetlands
provide so many benefits to society, activittes that
adversely affect them may be subject to regula-
tion. Some agencies, therefore, have regulaiory
authority over wetlands.

4. Development activities—Federal agencies have
an obligation to avoid projects or actions that may
adversely affect wetlands, to minimize the nega-
tive effects of their activities on wetlands, and to
mitigate unavoidable wetland losses, These re-
quirements apply to all Federal agencies, but
those regularly involved in large-scale develop-
ment projects support specific wetland research
activities.

5. Science—Agencies that have missions directly re-
lated to science may conduct or support research
on wetlands.

The understanding
of wetlands as a
valued resource has
been broadened by
the concerted

efforts of many Although many different levels of government
pUbﬁC and private may have mission-oniented research, Federal agency
wetland research activities relate {0 congressionally

researchers.

mandated responsibilitics. Most significant among
these are provisions that relate to:

« Interstate commerce—Wetlands are part of the en-
tire physical landscape, from river headwaters to
the sea. They form parts of water bodies that pro-
vide shipping, transportation, and navigstion.
Some wetlands are used as routes for trade in in-
terstate commerce, and wetiand products are
used in imterstate trade. What happens w© wet-
lands in one State can affect wetland activities,
benefits, and uses in another State.

* International treaties—The benefits and uses of
wetlands are the subject of international treaties,
such as the Ramsar Convention of 1971 and the
Migratory Bird Treaty, which are the exclusive

Refineation and
identification

domain of the Federal Government. International
efforts that result from those treaties, such as ef-
forts between Canada, Mexico, and the United
States'to'restore declining wetland-dependent
waterfow] populations, have an essential Federal
element. {See article “Wetlands as Bird Habitat”
in this volame.)

There 15 also an intrinsic national interest in wet-
land research, Where wetland questions or issues are
widespread or shared by jurisdictions, or affect the
national health, safety, or welfare, Congress may de-
termine that there is & national interest that justifies
Federal agency research.

TYPES OF FEDERAL WETLAND
RESEARCH

The Federal Wetlands Research Inventory and
Database reported in 1992 that 18 Federal agencies
were conducting some wetland research (Wetlands
Research Subcommittee, unpob. data, 1992). Two
types of research were included in the inventory—
focused and contributing. Focused research is spe-
cifically designed to investigate wetlands or some
comporent thereol; contributing research provides
some information about wetlands but is not directly
refated to wetlands.

Research categories also were identified by the
Inventory and Database. These categories were de-
fined by the subject of the wetland research being
conducted, and were listed in five wopical areas:

1. Wetland processes—Research 1o address factors
that affect the type, location, size, and functions
of wetlands.

2. Wetland functions—Research 1o determine the
role wetlands play and the benefits they provide,

3. Human-induoced stresses—Research to improve
ways of detecting or quantifying the effects of

AGENCY

Bureau'of Mines
B ati|
Department of Energy

Office of Surface Mining
Soil Conservation Sarvice*
S0

8. Environmantal Protection Agency

;JAS. Forest Service

150,000

13,000

RESEARCH CATEGORY

501
2,116,000

2,326,000
Qi
412,000

* Became the Natural Resources Conservation Service in 1884,

Figure 42,  Summary of Federal agency wetland research expenditures by research category dusing 1992.
{Source: Federal Wetlands Research Inventory and Database, unpub. data, 1992; compiled by the Wetlands
Research and Technology Center, U5, Army Engineer Waterways Experiment Station, Vicksburg, Miss.}



stress on-wetlands, or of determining stress thresh-
olds of wetlands,

4. Wetland delineation and identification—Research
on methods and techniques to identify wetlands
and delineate wetland boundaries.

5. Managément—Research w0 develop tools and tech-
nologies 1o maintain, restore, and construct wet-
lands.

Figure 42 depicts the expenditures on Federal re-
search in each of these categories in 1992, Individual
research studies may span several of these categories;
however, these categories represent a convenient way
to describe existing research activities.

In addition to distinguishing the type of research,
it also is useful to distinguish the type of wetland
being studied. Because ecological processes and
functions differ with the type of wetland, research
needs and techuiques also differ. Disappearing coastal
and bottom-land hardwood wetlands are among the
major areas of research. Figure 43 shows Federal ex-
penditures for research on different types of wetlands.
(See article “Weitland Definitions and Classification
in the Conterminous United States” for an explana-
tion of wetland types.)

AGENCY ROLES AND
RESPONSIBILITIES

Federal wetland research is conducted through-
oui the Nation. Twelve agencies Hsted in the Wetland
Research Sabcommitiee’s report and discussed below
have wetland research expenditures of $1 million or
more. Although not discussed below, other agencies
with less funding that also contribute to wetland re-
search are the Department of the Interior’s Bureau of
Mines, Bureau of Reclamation, Minerals Manage-
ment Service, and Office of Surface Mining; the Fed-
eral Highway Administration’s Department of Trans-
portation; and the National Science Foundation.
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Department of the"iﬁterior

“Wetland research activities in the Departmentof .

the Tnterior relate to its res.ponmbzhi}es as the primary
stewaxd ef Amemca s natural Tesources, The Depart-

&7

en:w:z:tiaad processss and fsncztons and applied fo- : -

cused research on human-induced stresses, delinea-
tion and 1deﬁnfxcatmn ‘and managemeni of wst?arzds
The De;:artment assumes ownership and managemem
responsibitities for wetlands through the 1.8, Fishiand

Wildlife Service (FW3S) and the ’\Taizonal ?ark Ser- .
vice, and scientific research responszb}h{zes through"_
the activities of the 1.8, Geological Sarvey (USGS)

and the National Biological Service (NBS}. Research
funding for the Department was greater than $30.5
million in 1992 (figs. 42-43).

U.S. Fish and Wildlife Service: The FWS has
stewardship responsibilities for fish and other wild-
life (such as migratory birds, anadromous fish, and
endangered specms}, their habitats, and for wildlife
refuges. As a major Federal landowner, the FWS pro-
tects'and manages: weE}cmds and associated habitats
on more than 90 million acres ‘of national wildlife

refuges and provxdes advice about and technical sup-

portfor regulatory activities and trust species to other
Federal; Stixte, and private landowners. The FWS,
through the National Wetlands Inventory program,
provides detailed wetland maps for the Nation, and
also reports to Congress every 10 years the status and
trends of the Nation’s wetlands. (See article “Wetland
Mappmg and Inventory” in this volume.) Research fo-
cuseson 1mproved methods and tools for identifying
and delineating different wetland types.

U8 Geological Survey: The USGS provides geo-
logic, hydrologic, and topographic information to
assist Federal, State, and local governments, the pri-
vate sector, and individual citizens in making man-
agement decisions about the use of land and water

Army Corps of Engineers
Agriciitiral Research Ser
Bureay of Mines

Buresi of Reclamation s

i)epar’cment of Energy

GETRIT Tennesses Velley Aither

U S Env:ronmemal Protection Agency

S Fish e Wikl Gaviteti o
U.%. Forast Service

50,000

WS Geslogieal Survey i il EeRYOeeS

WETLAND TYPES*

$ 1,750,000 $ 2,036,000 3 824 GD{}

418,600

818,000

508000 _ 3?3.0_30_

225,000 736,600

102,800
06 a00:

945 606
880,000

* Descrepancies in total expenditizres ocour becausa some agencies did not include constructed wetlands when reporting these f:gures

Figure 43.

Summary of Federal agency wetland research expenditures by wetiand type during 1992,

Seurces: Federal Wetlands Research Inventory and Database, unpub. data, 1992; compiled by the Wetlands
Research and Technology Center U.S. Army Engineer Waterways Experiment Station, Vickshurg, Miss.}

What happens to
wetlands in one
State can affect
wetland activities,
benefits, and uses
in another State.
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Core sample heing.collected %y the U5 Geological Survey' ata
fen-in-Minn., tells the sediment history of this particular wetland.
{Ph ograph b Nanc' Rybicki,” U Geo og:ca! Burvey)

plant. (Phofograph caaﬁesyof The Nat;ona! foia ca! Serwce}

Ii tional Biofogical Service colliects
bultiGrigue in a marsh near Lake Salvador, La,,
for wise in greenhouse experiments in salinity
and flooding tolerance. (Photograph courtesy of
The National Biological Service.}

resources. The USGS’s wetland research activities are
an important part of the agency’s activities. Research
focuses on the geology, chemistry, hydrology, and bi-
ology of wetlands and their interactions. Studies are
conducted in selected wetlands to determine the pro-
cesses responsible for the formation and evolution of
wetlands and 1o increase understanding of wetland
functions. Some specific topics that hydrologic stud-
ies address are ground-water/surface-water interac-
tions; the role of wetlands in water-quality improve-
ment; the relation hetween flood-plain wetlands, riv-
erine and estuarine hydrology, and water quality; and
the relation of light and water chemistry to aguatic
plant distribution in tidal waters.

National Park Service: Wetland research by the
Nationat Park Service is primarily 1ssue driven; it is
management-oriented and focuses on protecting re-
soyrces, mitigating the effects of hwman actions on
wetlands, and restoring natural wetland fupctions
where they have been disturbed by past or ongoing
human activities.

National Biological Service: The NBS was estab-
lished in October 1993 and, therefore, was not in-
cluded in the report by the Wetland Research Sub-
committee and not included in the graphs in figures
42-43. However, it is a farge player in research being
done on wetlands and, therefore, is included in this
discussion. The NBS inventories and monitors wet-
lands and conducts biological research on many
aspects of wetlands; in fact, most activities of the NBS
are wetland related. It provides biological information
and research support to management agencies within
the Federal Goverament.

Department of Energy

The Departient of Energy’s role in and respon-
sibilities toward wetland research are related to its
compliance with environmental regulations. The
Department does this by assessing the environmen-
tal effects of its activities on lands, including wet-
lands, under its jurisdiction, and by operating and
developing facilities in ways that maintain and en-
hance environmental guality while providing efficient
energy production, transmission, and use. Research
focuses on supporting these activities. Research fund-
ing was about $10.3 million in 1992 (figs. 42-43).

Department of Defense

Wetland research activities of the Departiment of
Defense result primarily from legislation pertaining
to the mission of the U.S. Army Corps of Engineers
(Corps). The Army, through the Corps, is assigned
responsibility for much of the Nation’s water-re-
source development activities, including efforts w
protect, conserve, restore, and establish new wet-
fands. In performing its development mission, such
as keeping waterways open by dredging or building
ievees to profect cities from flooding, the Corps di-
rectly affeets wetiands and must consider the effects
of its activities. The Corps has established a formal
Wetlands Research Program to support its wetland-
related responsibilities. This program is designed to
include both basic and applied research that empha-
size the Corps strengths in engineering design and
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construction, stewardship, and management. Re-
search funding for the Corps in 1992 was ahout $6.5
million (figs. 42-43).

Department of Agriculture

The Department of Agriculture performs wethand
research through several of its agencies; the Natural
Resources Conservation Service {formerly known as
the Soil Conservation Service), the Agricultural Re-
search Service, andthe U.S. Forest Service. Research
. funding for the Department of Agricalture was about
4 $4.5 million in 19972 (figs. 42-43).

Natural Resources Conservation Service: The
Natural Resources Conservation Service assists other
Federal, State, and local governments in resource
conservation activities that include wetland protec-
tion. Their authority covers mainly lands with high
potential for conversion to agricultural uses. o ;

The N{itur&l Resources Conssrvago'rz Se%""‘:e 5 thells Armivy Corps of Ehgineeré colfects water-leve! data ata
plant materials centers develop new varieties of plants o000l Rardwood wettand located aton g the Cache River, Ark.
and the technology for using plants to solve soil and (Photograph courtesy of the U.S. Army Corps of Engineers.)
water-conservation problems. They also provide for
the commercial production of these planis. Some of
the centers conductinvestigations on how to reestab-
lish marsh vegetation slong eroding tidal shores in the
mid-Atlantic States and the Gulf Coast States from
Alabama to Mexico. Projects are underway at other
centers to develop new varieties of plants and encour-
age plant reproduction, to develop techniques for es-
tablishing and maintaining restored and created fresh-
water wetlands, and to design and constrict wetlands
that act as biological filters of agricultural runoff.

Economic Research Service: Although the Eco-
nomic Research Service is not one of the agencies
listed in the Wetland Research Subcommittee report,
its research is integral to oversight of the Wetland
Reserve Program by the Natural Resources Conser-
vation Service (sce the article “Wetland Protection
Legislation” in this volume), and is, therefore, men-
tioned in this discussion. The Economic Research
Service conducts cost and benefit comparison stud-
ies 1o determine effective economic incentives asso-
ciated with wetland conservation or destruction.
Because the Wetland Reserve Program is voluntary,
research focuses on identifying costs that Hmit farm-
ers’ participation.

The U.S. Army Corps of Engineers dewatered this freshwater
wetland at a restoration site at Kenitworth Marsh in Maryland to
facilitate planting. Dewatering was achieved by building temporary
dikes made from water-filled tubes designed by the Cerps for this
purpose. (Phofograph courtesy of the U.S. Army Corps of Engineers.}

Agricultural Research Service: The Agricultural
Research Service’s mission includes development of
technology needed to ensure maintenance of environ-
mental quality and natural resources. Their research
supports implementation of Federal agriculturai leg-
islation and development of new agricultural practices
that produce less off-site contamination. Many pro-
grams indirectly contribute to national wetland goals
by improving management of basins that draia info
wetlands,

U8 Forest Service: The ULS. Forest Service con-
ducts research to support improved management of
Federal, State, and private forests; the research com-
prises efforts to describe ecosystem dynamics and to
develop improved technology for restoring and reha-
bilitating forested wetlands, Research is conducted on
the role of flowing water in susiaining chemical,
physical, and biological processes integral to the func-
tioning of wetland and riparian ecosystems, The For-

est Service also conducts studies of technological
improvements used for reforesting wetland and ripar-
jam sites, which involves understanding how tree spe-
cies adapt to flooding. Other areas of study include
establishing understory vegetation, restoring wetland
kydrology, und rebabilitating fish and other wildlife
habitat.

Department of Commerce

The Department of Commerce conducts its re-
search through the National Oceanic and Atmospheric
Administration. In 1992, funding for research by the
Department was about $3 million (figs. 42-43).

National Oceanic and Atmospheric Administra-
tion: The National Oceanic and Aitmospheric
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is often done to assess damages following an oil spill. {Photograph by
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search has been fotused on locating and detenmin-
ing rates of loss of seagrasses, emergent marshes, and
adjacent uplands using satellite and aerial photogra-
phy. Research is being conducted on the functional
attributes of these habitats and theix capability of be-

"ing restored.

Nationgl Marine: Fisheries Service: This or-
ganization is the Federal steward of the Nation’s living
marine resources, from 200 miles offshore (the sea-
ward extent of the Nation's assessment of mineral and
energy sources)to the freshwater tributaries used by
anadromous species for spawning. - National Marine
Fisheries Service’s scientists conduct basic and ap-
plied research to advance understanding of wetland
habitat functioning in response to natural and human-
induced environmental changes, 1o develop improved
techniques for habitat restoration and assessment, and
to suppert the hahitat permit review process. The Na-
tional Marine Fisheries Service’s Restoration Center
develops and implements habitat restoration plans
that seek 1o restore, replace, or acquire the equiva-
ient of the resources determined to bave been injured
by releases of oil or hazardous substances to the en-
vironment.

National Ocean Service: This organization ad-
ministers programs that provide support for manag-
ing marine envirenmenis. It manages a national net-
work of marine sanctnaries and estuarine research
reserves, The estearine research reserves, throughout
the National Hstuarine Research Reserves System, are
established, managed, and maintained with the help
of State authorities to assure their long-term protec-
tion. Research activities are used to facilitate manage-
ment of wetlands. Priorities change biennially and
have incladed nonpoint-source poilution (1993-94)
and habitat restoration {1994-93).

Office of Oceanic and Atmospheric Research:
This organization is responsible for conducting
research that improves understanding and prediction
of oceanic and atmospheric conditions. This includes
investigating processes that regulate wetland ecosys-
tem stracture and production, the responses of these
systems to natural and human-induced conditions, and
the effects of global climate and other atmospheric
conditions on marine resources and ecosystems,

U.S. Environmental Protection Agency

Research needs within the U3, Environmental
Protection Agency (EPA) are extensive, The Wetlands
Research Program of the EPA is an applied research
program that primarily provides technical support to
improve the Agency’s ability to cary out its reguie-
tory responsibilities. Three components of the Wet-
lands Research Program are the Wetland Function
Project, the Characterization and Restoration Project,
and the Landscape Function Project. Detailed stud-
ies of individual wetlands conducted to understand
better the processes within wetlands that contribute
to wetland functions and wetland responses to envi-
ropmental stressors are carried out through the Wet-
land Function Projest. Studies of the characteristics
of groups of wetlands that compare the functions of
nataral, restored, and created wetlands within similar
geographic settings are carried out through the Char-
acterization and Restoration Project. Research is con-



ducted on the Imeractions of wetlands with other eco-
systems and on the cumulative effects of human ac-
tivities on wetland functions throngh the Landscape
Fanction Project. In 1992, EPA’s funding for wetland
research was about $3 million (figs. 42-43),

Tennessee Valley Authority

The Tennessee Valley Authority {TVA) is a re-
source management agency created by the Tennessee
Vatley Authority Act of 1933, Its research focuses on
both natural and constructed wetlands. Nataral-wet-
lands research is directed toward protecting and en-
hancing aquatic bed, emergent, and riparian forested
wetlands and the wildlife populations dependent on
them. Constructed-wetlands research is directed to-
ward designing and operating constructed wetlands to
solve specific waste-management or environmental
problems and examining the basic mechanics and
physiology of these systems, Wetland research is con-
ducted in the field, in laboratories, and at a unique 32-
celled physical model at a constructed-wetland re-
search facility in Muscle Shoals, Ala. In 1992, fund-
ing for research was about $3 miltion (figs. 42-43),

Smithsonian Institution

Smithsonian research on wetlands is focused on
the biota, hydrology, and functions of wetlands. Aerial
photographs, remote sensing, and Geographic Infor-
mation Systems are used to extend research results
from specific sites to larger regions and to relate
wetlands to their drainage basins. Research support
comes directly from Congress, from Smithsonian
trust funds, and from extramural grants and contracts.
Funding for research in 1992 was about $1 million
(figs. 42-43).

COORDINATION OF RESEARCH
AMONG FEDERAL AGENCIES

Federal agencies conduct wetland research to
execute their congressionally mandated missions.
Generally these research efforts fall within well-de-
fined limits. By necessity, some agencies conduct
research with a broad range of activities. The infor-
mation dertved from broad-scope, individual agency
research may complement that of other agencies.

Federal agencies have special obligations, as stew-
ards of public monies, {o get the most out of research
dollars. Effective coordination is essential to assure
that agencies efficiently budget and use research funds,
to ensure that research is rot duplicated by two or more
agencies (and money wasted), and to ensure that the
“best science” is achieved. Federal agencies involved
in wetland research use formal and informal coordi-
nation mechanisms to achieve these goals,

Informal coordination takes many forms. |t in-
cludes scientists from each agency communicating di-
rectly with scientists in other agencies about matters
of conunon interest. It also includes many adhoc com-
mittees and working groups organized o accomplish
general coordination as well as specific research ob-
ectives, Among the adhoc commitiees is the Faderal
Interagency Coordination Committee on Wetlands

National ‘Water ‘Summary—Wetland Resources: MANAGEMENT AND RESEARCH 71

Local teachers work in cooperation with U.S. Environmental Protection
Agency scientisis 1o measure elevations and create site maps on this restored
wetland in Portland, Orég. (Photograph courtesy of the (.5, Fnvironmental

Protection Agency.}

Research and Development, a voluntary group that
meets annually in Washington, D.C., to present the
status of agency research programs and discuss areas
of potential interaction. This Commitiee developed the
first National Summary of Ongoing Wetlands Re-
search by Federal Agencies (U.S. Army Engincer
Waterways Experiment Station, 1992). All Federal
agencies that perform wetland research are invited to
these meetings, Another voluntary adhoc committee,
the Forested Wetlands Research and Development In-
teragency Coordination Commitiee, formed working
groups and developed a maultiyear interagency re-
search proposal for work in forested wetlands in
Southern States, The Corps, the NBS, and the FWS
provide funds for this research; and the EPA, Agricul-
tural Research Service, and Natural Resources Con-
servation Service actually do the research.

Federal agencies also use informal scientific re-
views of individual projects and entire programs for
coordination. The purpose of these reviews Is to ex-
pose & project or program to external review and com-
ment, as well as to provide a forum for exchanging
views and ideas about each participating agency’s
project or program. The wetland research programs
operated by the Corps, FWS, and EPA, and projects
of the NBS’s National Wettand Research Center and
Cooperative Research Units Center regularly receive
external peer review, Several Federal agencies regu-
larly hold interagency planning meetings to discuss
new wetland research goals and projects, solicit com-
ments, and explore areas for potential parmerships
and cooperation.

Agencies with respoasibilities for regulating and
managing Federal lands, which include wetlands,
conduct workshops, seminars, and other informal
meetings to facifitate effective interaction and coor-
dination of their research. Professional secieties, sci-
entific literature, agency publications, newsietters,
bulletins, and topicai conferences also offer mecha-
nisms for coordination and information exchange.

More formal coordination is achieved through
exchange agreements, in which scientists may be ex-
changed from one agency to another for specific pe-

Federal agencies
have special
obligations, as
stewards of public
monies, to get the
most out of
research dollar




72

" riods (o provide needed expertise: As an example, the
~“Wetlands ‘Classification Systeny devcioped bv: the_

'_E.FWS ‘Was pfepared with full-time assistance 'of sci-

C o lentists from the Corps‘and the Soil Conservation
. Service, and the authors of the report defining the
i Usystenn (Cowardm and others, 1979) included répre~

" sentatives from the FWS, ‘the USGS, and NOAA.
U Writen agreemenzs such'as Memorandums of Agree-

- “ment or Memorandums of Understanding also are

g wsed to facilitate cooperation between agencies: that
" shate: mutdal -objectives. Reimbursable and: shared
fanding may be used 1o leverage available rﬂscarch
i doﬂars and take advantage of spec;ﬁc expemse: avail:

- iablein some agencies and Iackmg inothers:

“Formal: ce{)tdmatzon maybe requlfeé by specific
lealsiatwe or. ddmm}siratﬂe decisions, quch as the
Clinton administration’s decisions rx:lanng o imple-
mentation of the Breaux Bill, which requires agen-
cies to coordinate in assessing damages and 1mple—
menting corrective mechanisms in south Louisiana’s
coastal wetlands.
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Wetland Management and Research
Wetland Mapping and Inventory
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By Bill O. Wilen', Virginia Carter?, and J. Ronald Jones?

Wetland maps are a prerequisite for wetland in-
ventory and for wetland development planning, man-
agement, protection, and restoration. Maps provide
information on wetland type, location, and size. De-
iailed wetland maps are necessary for analysis of the
effect of projects at specific sites and for providing
baseline sparial data for the assessment of the effects
of national policies and activities. Wetland maps are
used by local, State, and Federal agencies, as well as
by private industry and organizations. They are used
for many purposes, including the development of

National Wetlands Inventory. (See the article “Wetland
Protection Legistation” in this volume for more infor-
mation on this and other wetland legisiation.)

History and Status of the National
Wetlands Inventory

In 1906, and again in 1922, the U.8. Department
of Agriculture inventoried the wetlands of the United
States to identify those that could be drained and con-
verted to other uses (Wilen and Tiner, 1993). In 1954,

comprehensive resource management plans, environ-  the first nationwide wetland survey by the FWS cov-  Wetland maps

mental impact assessments, natural resource inven-  ered about 40 percent of the conferminous United ot

tories, habitat surveys, and the apalysis of frends in  States and focused on important waterfow! wetlands, areap rereqws:te

wetland status. This survey was not comprehensive by today's stan- for wetland
Several Federal agencies map wetlands in sup-  dards, but it stimufated public interest in the conser- inventory;

port of their Congressional mandate. These include  vation of waterfowl wetlands {Shaw and Fredine, ! .

the U.S. Department of the Interior, U.S. Fish and  1956). {See the article “Wetlands as Bird Habitat” in  PI@IINNG,

Wildlife Service (FWS); the U.S. Department of Ag~-  this volume.} managemenf,

riculture, Natural Resources Conservation Service Afier the carlier inventories, and in response to protection and

{NRCS); and the U.S. Department of Commerce, passage of the Emergency Wetlands Resources Act o

National Oceanic and Atmospheric Administration  and its amendments, the FWS established the Na-  restoration.

(NOAAj}. The FWS has the primary responsibility for
mapping and inventory of all the wetlands of the
United States. The wetland maps produced by other
agencies serve different purposes and generally in-
volve cooperation with the FWS,

THE 1.5, FISH AND WHL.DALIFE
SERVICE’'S MAPPING AND INVENTORY
ACTIVITIES

The FWS National Wetlands Inventory is respon-
sible for the mapping and inventory of wetlands
throughout the United States. The Emergency Wet-
lands Resources Act of 1986 and amendments o it
in 1988 and 1992 define the responsibilities of the

tional Wetiands Inventory. The program is designed
to (1) produce detailed maps on the characteristics
and extent of the Nation’s wetlands, (2) consiruct a
national wetlands data base, (3) disseminate wetland
maps and digital data, {4) report results of State wet-
land inventories, (3) report to Congress every 10 years
on the status and trends of the Nation’s wetlands, and
{6) assemble and distribute related maps, digital data,
and reports.

The National Wetlands Inventory has produced
ntore than 50,800 maps covering 88 percent of the
conterminous United States, 30 percent of Alaska,
and all of Hawain and the 1.8, Territories (fig. 44)
Priorities for mapping have been based on the needs
of the FWS, other Federal agencies, and State agen-

EXPLANATION
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Draft maps
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Figure 44. Areas of the United Siates that
have heen mapped by the National
Wetlands inventory program and status of
those maps, 1996, (Source: Data from tLS.
Fish and Wildlife Service, National
Wetlands Inventory files.}
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1 and Wildlife Service.
S48, Geological Survey.
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To date, almost
18,800 maps,
representing 29
percent of the
United States, have
been digitized.

Figure 45, Areas of the conferminous
United States and Hawall where
wetland data have been digitized by
the National Wetlands Inventory
program, 1996, {Source: Data from |
.S, Fish and Wildfife Service, |}
National Wetlands Inventory files.)

cies, To date, mapping has been concentrated on-the -

coastal zone (incleding the Great Lakes), prairie
wetlands, playa lakes, flopd plains of major rivers,
and areas that reflect goals of the North’American
Waterfow] Management Plan (1.8, Fish and Wildlife
Service, 1976). As a practical matier, priorities-have
been based on the availability of funding and the
availability of high-quality aerial photographs. The
National Wetlands Inventory produced maps at a rate
of about 5 percent of the conterminous United States
and about 2 percent of Alaska annually throngh
1995—about 3,200 1:24,000-scale maps in the con-
terminous United States and about 60 1:63,360-scale
maps in Alaska, o

The National Wetlands Inventory has published
a series of documents on the trends in wetland losses
and gains. The first of these reports was “Status and
Trends of Wetlands and Deepwater Habitats in the
Conterminous Unifed States, 1930% to 1970%"
(Frayer and others, 1983}, In the Emergency Wetlands
Resources Act of 1986 and subseguent amendments,
Congress directed the Nafional Wetlands Tnventory
w {1} update and improve the information contained
in this report by 1990 and at 10-year intervals there-
after and {2) estimate the number of acres of wetland
habitat in each State in the 1780% and the 1980 and
caleulate the percentage of loss in each State. In re-
spouse to this directive, the National Wetlands Inven-
tory published a 1990 report to Congress titled “Wet-
lands— Losses in the United States, 17805 to 1980%7
(Dahl, 1990},

-‘The National Wetlands Inventory also is prepar-
ing a geographically referenced digital data base for
wetlands so that wetland information can be placed
in geographic information systerss {GIS)} for use with
computers. These digital maps.and information are
easily transmitted over the Internet. o date, almost
18,800 maps, representing 29 percent of the United
States, have been digitized (fig. 45). Statewide data
hases have been digitized for Delaware, Hawaii, In-
diana, Maryland, Hlincis, New Jersey, Washington,
fowa, Minnesota, and West Virginia, Digitization is
in progress for Florida, North Carolina, South Caro-
lina, South Dakota, and Virginia. Wetland digital data
are available for parts of 35 other States.
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In addition to wetland maps-and status and trend
reports, the National Wetlands Inventory produces
special items related to the identification, mapping,
and inventory of wetlands. The *“National T.ist of Plant
Species that Oceur in Wetlands” (Reed, 1988) is an
imporfant tool for identifying wetlands on the basis
of their vegetation. A computerized data base for wet-
land plants, developed by the National Wetlands In-
ventory, atso lists plants found in wetlands and ranks
their affinity to the wetland environment. This infor-
mation is important for determining whether an area
is really a wetland. Additionally, the National Wet-
lands Inventory has contributed to a list of hydric seils
(seils found in wetlands) (U.S. Soil Conservation
Service, 1991). Many published State wetiand reports,
including “Wetlands of Maryland” (Tiner and Burke,
1993), “Wetlands of Connecticut” (Metzler and Tiner,
1992), and “Status of Alaska Wetlands™ (Hall, Frayer,
and Wilen, 1994), contain wetland inventory resulis
and other important information, Finally, in coopera-
fion-with the U.8. Geological Survey (USGS), the Na-
tionat Wetlands Inventory has published a map (scale
of 1 inch equals 50 miles) showing the locations of
major wetland complexes in the conterminous United
States, Hawaii, and Puerto Rico (Dahi, 199D and a
map (scale of | inch equals 40 miles) of Alaska’s
wetland resources (Hali, 1991).

OTHER FEDERAL AGENCIES” MAPPING
AND INVENTORY ACTIVITIES

Natural Resources Conservation Service —The
NRCS (formerly the Sotl Conservation Service) con-
ducts its wetland inventory under the auspices of the
wetland conservation .provision {nicknamed
“Swampbister”) of the Food Security Act of 1985,
This Act provides for the reduction of a farmer’s pro-
gram benefits if wetlands are converted to agricultural
production. In order to implement this act, the map-
ping of the NRCS is focused on freshwater wetlands
that have & high poteatial for agricultural conversion,
such as those adjacent to or lying within the bound-
aries of existing agricultural fields.

The NRCS does mot produce 2 standard map
product. Many delineations are made on 1:660-scale

EXPLANATION
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black-and-white aerial photographs; others are made
on soil-survey base maps at scales that range from
1:10,000 to 1:64,000 (Tgels, 1990). Information
sources for this program include recent and histori-
cal aerial photographs, such as those regularly
acquired by the U.S. Department of Agriculture,
National Wetlands Inventory maps from the FWS,
U.S. Department of Agriculture crop history records,
and field verifications.

National Oceanic and Atmospheric Administra-
tipn.—The NOAA has developed the Coastal Wet-
land Habitat Change Program in order to delincate
coastal wetland habitats and adjacent uplands and
plains to monitor changes in these habitats on a cvcle
of I to 5 years. The basis for monitoring will be a
data base describing the areal extent and distribution
of coastal wetlands in the conterminous United
States, The program will help w determine the link-
ages between estuarine and marine wetlands, as well
as the distribution, abundance, and health of living
marine resources.

U.S. Geological Survey.—The USGS compiles,
produces, and disseminates topographic, hydrologic,
and geologic maps and digital data related o wet-
lands. The standard USGS 1:24,000-scale topo-
graphic map commonly is used as a base for wetland
mapping by other Federal, State, and local agencies.
However, because USGS maps depict wetlands as un-
bounded syrmbols (fig. 46, the maps cannot be used
to establish exact boundaries for wetlands. Interme-
diate-scale {1:100,000) and large-scale maps (scales
of 1:24,000 or greater) are used for project plarning.
Large-scale maps known as orthophoto guadrangles,
which are made by manipulation of aerial photo-
graphs to achieve a positionally accurate photo-
graphic base map, are used as a base for State wet-
land mapping.

COORDINATION OF FEDERAL
WETLAND MAPPING EFFORTS

Differing needs of various Federal agencies can
require different types of maps or different map

The _“Swaﬁ.;'abﬂs.té.r'.’ d_l_s:cé_ur_ages. the conversion of wetlands to
cropiand. This wetland, which was ‘converted to ‘cropland at one time,
has been restored. (Photograph courtesy of the U.S. Fish and Wildlife

The National Oceanic and Atmospheric Administration defineates
coastal wetland and upland habitass, such- as this.coastal wetland at
Chincoteague National- Wiidlife Refuge on Assateague lsland, Va,
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{(Photograph by Judy D. Fretwell, U.S. Geological Survey.)

scales, However, many needs can be satisfied by com-
mon products, and efforts are being made to standard-
ize maps and map products whenever possible or
practical. Federal digital wetland mapping is coordi-
nated by the Wetlands Subcommittee of the Federal
Geographic Data Coordination group in an effort to
meet requirements established by the Office of Man-
agement and Budget. The Office of Management and
Budget requires agencies to develop a national digi-
tal spatial information resource in collahoration with
State and local governmenis and the private sector.
This requirement is for the purposes of (1) promot-
ing the development, maintenance, and management
of a national digital wetland data base; (2) encour-
aging the development and implementation of stan-
dards, exchange formats, specifications, procedures,
and guidelines; (3} promoting interaction among
other Federai, State, and local governrent agencies
that have interests in the generation, collection, use,
and transfer of wetland spatial data; (4) maintaining
and disseminating information on the type and avail-
ability of wetland spatial data; and (5) promoting the
concept of effective wetland management,

i

Efforts are made
to standardize
maps and map
products when-
ever possible or
practical. '

EXPLANATION -

Intermittent pond

Marsh or swamp

Wooded marsh
Of SWamp

Figure 46. Linbounded symbols on a U.S. Geological Survey

topographic map show the general location of wetlands.
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“PRODUCING NATIONAL WETiANDS
INVfNTORY MAPS

Most zlatural resource inventories makc use of -

E aena} photographs or satellite images combined with

“source ‘in ‘the early 1980’s was the 1:80,000-scale,
: h i * ‘high-alttude, black-and-white aerial ;)hotovra;)hy ac-
T 3 Naﬁona _qued by the USGS for topograghsc mapping and

. Wetlands
' Inventory= uses the
~ .best and most .

for the entire country. became, available; {ite National

appro : Fl&fe aenai i Wetlands Inventory uses.these photographs’ extm—_ .
P P Ph s h " sively. In' 1987, the USGS replaced the National High-
G ol gf‘ ap S Altade Phetegraphy Program with the National

Aerial Photography Program, which produces
1:40,000-scale color-infrared photographs; the Na-
tional Wetlands Inventory uses these photographs as
well, In some cases, the National Wetlands Inventory
uses suppicmentary photography, such as some
1:60,000-scale color-infrared photographs of the prai-
rie pothole region of the northern Great Plains, which
were acquired from the National Aeronautics and
Space Administration.

Stereoscoplc color-infrared photographs are best
for identifying and delineating wetlands. Color, tex-
ture, and pattern are imporiant features of wetland
vegetation and background soils. A combination of
vegetation factors produce a specific response or sig-
nature on the photograph (Wilen and wa ell, 1992).
These vegetation factors include leaf size, shape,

available for
mapping wetlands.

Figure 47. Wetland features such ‘a8 wate, vegetation, and soil are identified on an
aerial photograph by their signatures fleft), and these signatures are used to produce
wetland maps (right). (Sowrce: LS. Geological Survey, 1995 (left); TE. Dahl, U.S. Fish
and Wildifie Setvice, unpub, data, 1992 {right).)

. -.-ﬁeld verification, The Nanozaaé Wetiands Inventory.
uses ‘the best and mest appropriate: aerial photographs’:
S 33»31%&%1& for mapping wetlands: The principal data

“production of ‘orthophoto quadrangles:-Afterthe
+SGS began is National High-Altitude Photography -
Program, 1:38,000:5cale color-infrared photographs™. -

igtractine wnd arrangeinent; brapghing pattern: height;
growth habit; and color. Determining the boundary
of a wetland jis the most difficalt part 'of mapping.
Normally, transmons are found at the boundary from
upland vegetation to’ wetland vegetation, from
nonhydmc tothyvdric (wetlénd} smls, and from: }and

- thatisnot flooded 1o areas that are subject toflood-
'mg or saturation. ‘On- color—mfrare:d photooraphs,

water generally shows as a distinctive black and blue-
black color because of its Jack of reﬂectance Wet-
tands t%l&t have’ canopy openings and contain stand-

~ing water exhibit this signature along with assorted

;'-weﬂz;ld-vegetatmn signatures. Satirated soils’ show_
darker tones because of the nonreflectance of the soil-

- watercomponent. Even when wetland basins are'dry,

the' sajt ‘clay. and other fine-grained materials hold
more. water than the upland soils hold, which results
in a distinctive dark color because of the Tack of in-
frared reflectance.

Vegetation characteristics help to identify wet-
lands. Wetland vegetation generally is more dense,
more crowded, and more concentrated than vpland
vegetation. Wetland vegetation normally exhibits a
higher degree of lushness, vigor, and intensity than
does upland vegetation, Even wheat grown in a dry
wetland basin has a distinctive signature; it is more
vigorous because of extra moisture in the basin. Dead
and dying vegetation in fleoded wetland basins also
has distinctive signatures. When physiographic po-
sitions are associated with the vegetative character-
istics described above, wetland locations become
more obvious on an aerial photograph (fig. 47).

Patterns, or the repetition of the spatial arrange-
ment, of vegetative types also provide importani clues
in the identification of wetlands. Basins that have a
semipermanently fiooded center may have a season-
aily flooded band around the center and a temporarily
flooded outer band. Patterns are not restricted {0 veg-
etation—they can include drainage patterns and land-
use patterns. Unplanted basins in farm fields might
indicate wetlands; land-cover patterns such as ridges
and swales help separate uplands and wetlands. When
wetlands are being mapped, the photointerpreter
closely checks areas indicated by swamp symbols as
wetlands on USGS topographic maps and NRCS soil
survey maps o ensure their possible inclusion as wet-
lands; such areas are considered wetlands unless
strong evidence indicates otherwise.

A typical National Wetlands Inventory map con-
sists of wetland boundaries added to a black-and-
white version of a 1:24,000-scale USGS topographic
base map. Wetlands are classified according o guide-
lines developed by Cowardin and others {1979). {See
articte “Wetland Definitions and Classifications in the
United States” in this volume.) These wetland clas-
sifications are shown on the map as alpha-numeric
codes that are identified in a map explenation at the
bottom of the map. Many steps are involved in the
production of a wetland map from selecting the sites
for field verification to delineation, quality control,
and production of the final map product (fig. 48), All
National Wetlands Inventory photointerpreters are
trained extensively in wetland identification, the FWS
wetland classification system, and the field idensfi-
cation of wetland plants and soils in order to ensure
the best quality, most accurate maps.



" National Water ‘Summary—Wetland Resources: MANAGEMENT AND RESEARCH 17

Figure 48. The sequence of steps in producing National Wetiands Inventory maps.
(Photographs A and E by Judy D. Fretwell, U.S. Geological Survey; all ather photographs
by Donald W Woodard, (1.5, Fish and Wildlife Service,)
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HOW AND WHERE TO GET NATIONAL

WETLANDS iNVENTORY MAPS -

Maps of the ’\IsztmnaliWetlands Invenmry canbe
acquired from 33 Staterun distribution’ centers, 6
USGS Earth Science Information Center regional

offices, or by calling the' USGS national toll free

aumber: 1-800-USA- MA?S Maps sz also be “Shaw, S.P., and Fredine, C.G.. 1956, Wetlands of the Usited

viewed at the Library of chngress and ghe Federal

Depository Library System and downloaded cost-free

through the National Wetlands Invemory Home Page
on the Infernet at hitpz/www.nwi.fws.gov. The six re-
gional USGS Earth Science Iafermaa{m Centers pro-
vide online computer links to the National Wetlands
Inventory map data base; which confaing current in-
formation about the av ailability and pzod&ctwn his-
tory of National Wetlands Inventory maps and digi-
tal data. Digital data are availabie in Digital Line
Graph 3 (DLG3} optional or Geographic Resources

Analysis Support System {GRASS) :fonnats, fatitude

and longitude, State Plane Coordinates, or. Vniversal
Transverse Mercator {UT‘\:I) ceordmate systems; and
O-track, 8-mm, or:1/4-inchcassettes in UNIX-TAR
or ASCIT tape formats. Other products available at
costinclude acreage: Statisges h}f quadrangle, county,
or study ares and celor—coded weﬂand maps. -
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Wetland Management and Research
Wetland Functions, Values, and Assessment
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By RichardP. Novitzki’

Wetlands, or the lack thereof, were a significant
factor in the severe flooding in the Upper Mississippi
and Missouri River Basins in the summer of 1993
(Parrett and others, 1993) (fig. 49). Damages asso-
ciated with the ﬂoodmg were undoubtedly worse than
they would have been if flood-plain wetlands had still
been in place. Human modification of the original
wetlands (a common practice in the early part of this
century) had destroyed the ability of the wetlands to
modify flooding. (See the article “Effects of the Great
Midwest Flood of 1993 on Wetlands™ in this volume.}
Flood control, however, is only one of the values that
wetlands have for society. In order to protect wet-
lands, the public first must recognize the values of
wetlands. People need to understand what is lost
when a wetland is changed info an agricultural field,
a parking lot, a dump, or a housing development. Un-
éerstan{img the functions of wetlands will make it
easier to evatuate wetlands when other uses are con-
sidered.

RECOGNITION OF WETLAND
FUNCTIONS AND THEIR VALUES

In the 1970%, scientists, ecologists, and conser-
vationists began to articulate the values of wetlands.
At a wetland conference in 1973, wetlands were ac-

“knowledged to be an important part of the hydrologic
cycle (Helfgort and others, 1973),1n 1977, participa-
tion at the first N&E;onal Wetland Protection Sympo-
sinm-—attended by more than 700 people—demon-
strated a gmmno interest in the value of wettands and
the need to protect them (Kusler and Montanari,
1978). At a Wetland Values and Management Confer-

, R. Daniel Smith,? and Judy D. Fretwell

ence in 1981, scientists defined the unique qualities
of wettands and developed a list of wettand functions
(Richardson, 1981). In addition to the more corm-
monly recognized habitat functions of wetlands, the
scientists described hydrologic and water-quality
functions. During the 1980%, participants at many
HoTS conferences and symposia expanded the under-
standing ‘and appreciation of the values of wetlands
{Kus1er and Rlexmver, 1986,

WETLAND ?UNCT!ONS DEFINED

Wetian{i functions are defined as a process or
series of processes that take place within z wetland.
These include the storage of water, transformation of
nputrients, growth of living matter, and diversity of
wetlanfi plants, and they have value for the wetland
itself, for surrounding ecosystems, and for people.
Functions can be grouped broadly as habitat, hydro-
logic, or water quality, although these distinctions are
somewhat arbitrary and simplistic. For example, the
value of a wetland for recreation (hunting, fishing,
bird watching) is a product of all the processes that
work together to create and maintain the wetland.

Not all wetlands perform all functions nor do they
perform all functions equally well. The location and
size of 2 wetland may determine what functions it witl
perform. For'example, the geographic location may
determine its habitat functions, and the location of a
wetland within a watershed may determine its hydro-
logic or water-quality functions (fig. 50). Many fac-
tors determine how well a wetland will perform these
functions: climatic conditions, quantity and quality
of water entering the wetland, and disturbances or al-

Not all wetlands
perform all
functions nor
do they perform
all functions
equally well.

Wetlands are
among the most
productive habitats
in the world.

Flgure 49. ?Iaodmg in ihe Lip;}er Misszss;ppr Rwer Basm summer 1993 {Photograph @ Cameron Davidson, 1993.}

' ManTech Ermmnmenml Technology. Inc.
2 U8, Army Corps of Engineers.
* 1.8, Geological Sarvey.
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Timber harvest in a bottom-land forested wetland. (Photograph by
R. Danifel Smith, LS. Army Engineer Waterways Experiment Station.)

Hay harvest in a prairie wetland. {Photograph by Richard P, Novitzki,

CHARACTERISTICS AND FUNCTIONS -
OF WETLANDS

Isolated Wetlands -
1. Waterfowl feeding and nesting habitat
2. Habitat for both upland and wetland
species of wildiife
3. Floodwater refention area
4. Sediment and nutrient retention area
5. Area of special scenic beauty

Lake Margin Wetlands
1. See “isolated wetlands” above
2. Removal of sediment and nutrients
fromv inflowing waters
3. Fish'spawning area

Riverine Wetlands
1. See “isolated wetlands” above
2. Sediment conirol, stabilization of river
banks
3. Flood conveyance area

Estuarine and Coastal Wetlands
1. See "isolated wetlands” above
2, Fish and shellfish habitat and
spawhing araas
3. Nutrient source for marine fisheries
4, Protection from erosion and storm
surges

Barrier Island Wetlands
1. Habitat for dune-associated plant and
animat species
2, Protection of backlying lands from
high-gnergy waves
3. Scenic beauty

Figure 50, Wetland functions depend upon the
location of the wetland within a watershed., (Source:
Modified from J.A. Kusler, Our National Heritage: A
Protection Guidebock. Copyright {c) 1983 by the
Environmental Law Institute. Reprinted by permission.)

ManTech Environmental Technology, inc.j
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teration within the wetland or the surrounding eco-
system. Wetland disturbances may be the result of
natural conditions, such as an extended drought, or
humar activities, such asland c;}carmg, dredgmﬂ or
the introduction of nonnative species.

* Perhaps wetlands are best known for their habi-
tat functions, which are the functions that benefit
wildlife. Habitat is defined as the part of the physical
envirenment in which plants and animals live
(Lapedes, 1976), and wetlands are among the most
productive habitats in the world (Tiner, 1989). They

) provide food, water, and shelter for fish, shellfish,
birds, and mammals, and they serve as a breeding
ground and narsery for numerous species, Many en-
dangered plant and animal species are dependent on
wetland habitats for their survival, (See the article
“Wetlands as Bird Habitat” in this volume.} Hydro-
togic functions are those related to the quantity of
water that enters, is stored in, or leaves a wetland.
These functions include such factors as the reduction
of flow velocity, the role of wetlands as ground-wa-
ter recharge or discharge areas, and the infTuence of
wetlands onatmospheric processes. Water-guality
functions include the trapping of sediment, pollution
control, and the biochemical processes that take place
as water enters, is stored in, or leaves a wetland. (See

Figure 51. Wetland
functions and internal
and external values,

article “Wetland Hydrology, Water Quality, and As-
sociated Functions” in this volume for more informa-
tion on hydrologic and water-quality functions.)

WETLAND VALUES DEFINED

If something has “value,” then it is worthwhile,
beneficial, or desirable. The value of a wetland lies
in the benefits that it provides to the environment or
to people, something that is not sasily measured.
Wetlands can have ecological, semal 01 8COROTHC
values. Wetland products that have an economic value,
such as commercial fish or timber, can be assigned a
monetary value. True wetland value, however, goes
beyond money. How much value does one place on
the beanty of a wetland or its archeological signifi-
cance? Wetland values are not absolute, What 1s valu-
able and important to one person may not be valu-
able to another person. As an example, the value of a
wetland as duck habitat may be important to the
hunter or birdwatcher hut not to the farmer who owns
the land.

“While wetland functmns are natural processes
of wetlands that continue regardless of their perceived
valueto hﬁmans the value ;)eo;}le place onthose fune-
tions in‘many cases-is the, pnmary factor determin-

ing whethe:r awetland remiaing intactor is converted

for some other: use’ {Natmnal Audubon Socwty,
2993} In Addition, va]ues assigned to weiland {func-

tiong: may ‘change over tire as somﬁtys percepmms B

and prioritiesichange:. ‘The values that benefit society
as a‘whole tend fo change siowiy, however, the val-
ues assigned by individaals or small groups are arbi-
trary, and most are Si.lb_]e{}t to rapid and frequent
change ‘and may evén conflict. For example, timber
prc;duct;org may be improved by dral ning a wetland
site, whereas waterfowl production may be improved
by impounding more water, Society may have to re-
solve conflicts regarding the management or preser-
vation of wetlands and their functions. Furthermore,

society may have to choose among wetland functions
that benefit individuals or small groups, that are of
value to most of society, or that are important o the
maintenance of the wetland itself.

Wetland functions have value on several Jevels—
internal, local, regional, and global. All wetland func-
tions are internal, but the values or benefits of wet-
land functions can be internal or external to the wet-
land (fig. 51). Functions that provide internal vaiues
are the functions that maintain or sustain the wetland
ardd are essential to the continued existence of the wet-
land. Conversely, many functions have external val-
ues that extend beyond the wetland itself. On a local
scale, wetlands affect adjacent or nearby ecosystems,
for example, by reducing flooding in downstream
communities or by removing nutrients from waste-
water. However, the broadest influence of wetland
functions is giobal. Wetlands are now thought to have
a significant effect on air quatity, which is inflzenced
by the nifrogen, sulfur, methane, and carbon cycles.
In addition, migrating birds are dependent upon wet-
ia_nds as_._they travel.

."PURP()SE OF WET!.AND ASSESSMENT

Many times when decisions are made about de-
veiopmem of an area, such as the selection of a site
for alarge commercial or industrial facility, the choice
of sitesds mot between a wetland or an upland, but be-

“tween wetlands. In ateas that have many wetlands, all

alternative sites or routes for roads for a major facil-
ity may involve the destruction or alteration of wet-
lands. In such cases, legal requirements commenly
exist that require the replacement of destroyed wet-
lands, Even when 2 choice must be made between a
wetland site and an upland site, the upland site may
have great value to the community. Managers, plan-
ners, regulators, and even the general public have long

A system of
wetland
assessment is
necessary to
ensure that the
most valuable
wetlands are
protected.
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h,it t?m ﬁﬁ‘{:d tohave in'place a system of assess-

~rent of evaluation that would inake the choices clearer
o+ and.easure: th t-ths most valuable wetlands are pre-
sy ed. Such an: cvalugtion xy_sifsm ‘could be based
- entirelyor parﬂ vion'wetland I]Dﬂ ;t ¥ dlﬂt‘a could
i be asslgned toindiv Iduai fﬂ:ﬁc.tmn R
- Wetland: assmsmem méthodshave bwﬁ orare be-

ing developed that assign numerical valucs to wetland
"iuns{:tiens Some: methoéa assign valees on the basis
“lof the benefit to t%lc wetl.md ;txa,lf by censzdefmv the
- ‘queston:’ How, dmportant is this fanction interms of
‘maintaining this particularw etland?: Other methods
'asslgn values on the basis'of lhe benef t5- tosyrronnd-

The WET evaluates

flj‘h(?'t i_i_m_s and Ting ﬁcosystems or o humans. The iypes-(}f-questwm
valuesmierms bf'}_conbléered in this a;;predch are-as follows: How
L important.is ‘this fﬂnctmn o mvzmnmenm] {;udili}
effec l’IVBﬂESS, - downstream?’ How doés this function beneiit soci-
gpporiun;ty _ {)C;af ety? “This Tatter assessment method :allows for the
e eorhparison of dhe worth of one: w:ztland to ti)&é of

s:gmﬁcance, s

Canotherwetland.
i The! developmcni of 2 smglc mcthed fer ASSERS-
ing the functions of wetlands or; for assigning values
‘1o the functions:of wetlands is not’a simple task, In-
S desd, prebabiy noone mc%hoé wﬂ safisfy all needs.
" However, assessing each, fanction of 2 wetland and
then ‘assigning 4 value to'each function is a step to-
ward the protection of sensitive wetlands. Further-
mare, an evaluation systemn that provides the basis for
comparing wetlands would facilitate mitigation for
unavoidable wetland Josses, would provide a tool for
determining the success (or failure) of programs and
policies intended to protect or manage wetland re-
sources, and would assist in identifying long-term
frends in ihe condition of wetlaﬂd TEsOurces.

habitat suitabilit

WE?LAND ASSESSMENT METHODS

The three weﬂcmé assessmem methods descn‘beé
herein are representative of the methods that are avail-
able or are being used by wetland managers and plan-
ners, The Wetland Evaluation Technique was devel-

The recreational pleasures of
a wetland are captured in
this photo at Horicon Marsh,

wis. {Phatograph by Phillip
1. Redman,

U.S. Geological Survey.}

oped for the Pederal Highway Administration and has
been used widely. It assigns values to specific fune-
tions of individual wetlands. The Environmental
Monitoring Assessment Program—Wetiands was
developed by the Environmental Protection Agency.
It is presented here as an example-of & program that
focuses on delermining the ecotogical condition of a
popuiation of wetlands in a region. It does this by
comparing the function of a statistical sample of wet-
lands 1o reference wetlands in the region. The
Hydrogeomorphic approach is being developed by the
U.8. Army Corps of Engineers for assessing wetland
functions. It combines features of the-other two meth-
ods by measuring the functions of individual wetlands
and also by comparing them to functions performed
by other wetlands.

Wetand Evaluation Technique (WET)

The WET is a comprehensive approach for evalu-
ating individual wetlands that was developed in 1983
(Adamus, 1983; Adamus and Stockwell, 1983) and
revised m 1987 under the auspices of the U.S. Army
Corps of Engineers (Adamus and others, 1987). The
WET considers wetland functions to be the physical,
chemical, and biological characteristics of a wetland.
It assigns wetland valaes to the characteristics thatare
valuable to society. The following functions are as-
signed values by WET:

« Ground-water recharge

» Ground-water discharge

« Floodflow alteration

* Sediment stabilization

» Sediment/toxicant retention

» Nutrient removal/transformation

* Production export )

« Witdlife diversity/abundance

+ Aguatic diversity/abundance

* Recreation

= Uniqueness/heritage




The WET evaluates functions and values inderms
of effectiveness, opportunity, social significance, and
habitat suitability. Effectiveness assesses the capabil-
ity of a wetland to perform a particular function. For
example, a wetland that has no outlet is-assigned a
high value for sedimentretention, whereas a wetland
just-downstream from a dam is assigned a low value.
Opportunity assesses the potential for a wetland to
perform a specific function; for example, a wetland
in a forested area that has no potential sediment
sources would be assigned a low opportunity valae
for sediment retention, Social significance assesses
the value of a wetland in terms of special designations
(does it have endangered species?), potential eco-
nomic value (is # used regularty for recreational ac-
rivities?), and strategic location (is it in a State where
very few wetlands of its type remain?). The WET uses
“predictors” that ralate to the physical, chemical, and
biological characteristics of the function being evalu-
ated. As an example, the presence or absence of acon-
stricted outlet from a wetland could be used to pre-
dict whether the wetland might be effective in stor-
ing floodwaters, In addition, WET can be used to
assess the habitat suitability for waterfow! and wet-
iand-dependent birds, fish, and invertebrates.

The WET .approach was designed 10 provide a
balance between costly, site-specific studies and the
“best professional judgment” approach, which is less
costly but lacks reproducibility. The WET method is
intended to be used by any environmental profes-
sional, so that an engineer can evaluate biological
functions or a biclogist can evaluate hydrologic fanc-
tions. First, information resources are obtained for the
wetland, the area surrounding the wetland, and the
area downstream from-the wetland. Then a seties of
guestions is answered about the wetland’s watershed,
topography, vegetation, and other features. By pro-
gressing next through'a series of flow ¢harts (o7 an
available computer software package), an evaluation
can assign a probability rating of “high,” “moderate,”
or “low” to each of the functions listed above {except
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for recreation) and -a habitat suitability rating Tor
waterfowl, fish, and other wildlife (Adamus, 1988).
The probability rating is an estimate of the “likeli-
hood” that a wetlsnd will perform a function on the
basis of its characteristics. It does not estimate the de-
greeor magnitude to which a function is performed.
Recreation is not evaluated because no scientific ba-
sis exists for making an objective assessment with-
out extensive data collection at the site.

The WET approach probably has been applied o
nearly every type of wetland in every State; however,
it has proved 1o be unwieldy to use. For most users,
the nieed to be able to apply this method to every
wetland in every part of the United States makes the
system unnecessarily cambersome. For example,
most users are interested in alocal area and prefer not
to enter data repeatedly for local characteristics that
are unlikely to change, as is required in the WET
approach. In order 1o refine the method for specific
regions and to refine the thresholds among the low,
medinm, -and high values, Adamus {1988} intended
that regional versions and five different levels of WET
be developed, neither of which has happened. Despite
its shortcomings, however, WET continues to be used
by those who are famitiar with it. Furthermore, much
of the data generated by its application could be used
to create data bases that would simplify its use and
would improve its regional application.

Environmental Monitoring Assessment
Program—Wetlands (EMAP-—Wetlands)

In 1988, the Environmental Protection Agency
initiated the Environmental Moniforing Assessment
Program (EMAP} in order to provide improved in-
formation on the status and trends in the condition
of the Nation’s ecological resources. The wetlands
part of EMAP was intended 1o develop an approach
for assessing the condition thow well a wetland is per-
forming its functions) of different types of wetlands
in a region and in the Nation as a whole (Novitzki,
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identifies
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Sheep foraging at a
wetland near Bridgeport,
Calif. (Photograph by
A.S. Van Denburgh,

U.5. Geological Survey)
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The HGM
approach
represents a
combination of
the WET and
EMAP—Wetlands
approaches

Serene heauty is provided
by this restored wetland
in Montana. (Photograph
by Edith B. Chase,

U.S, Geological Survey.)

1994; Novitzki and others, 1994). Thenear-term ob-
jectives of the program were fo conduct research in
order toddentify “indicators” .of wetland condition,
o standarci;ze methods.of measurement, and to es-
tablish anational network for monitoring wetlands at
regmnal -scales and-over-Jong periods (decades} In
some places, it:ds impossible or impractical 1o mea-
sure wetland functions directly; therefore, character-
istics or “indicators™ are measured, and these indi-
cate how well certain functions are being performed
by the wetland. For.example, the number.of water-
fowl peracre can be calculated from actoal field mea-
surements and thes can be used asan indicator of how
well a-wetland is pcrformmg its ‘waterfowl habitat
function. % -

The EMAP—Wetlands yreg?am was mtended to
have three phases, First, pilot studies were to be con-
ducted to evalnate the ability of selected indicators to
make a distinction between healthy and degraded
wetlands, Next, regionai demonstrations ‘were 1o be
conducted by using some of the best indicators:from
the pilot studies. These demonstraﬁom would confirm
the ability of the program to assess the condition'of a
specific type-of wetland in a specific region, Finally,
the program would be implemented to monitor the
condition of a specific wetland typein aregion. Only
Phase I has been conducted. -

Data from pilot and demonstratlon studies in
Phase | are being analyzed to develop preliminary
indices of signs of the health of a wetland. One index
wilk:be for bmioglcal :ntﬁgmy, which cembznes An-
dicators of healthy plant and animal communities.
Biological characteristics of the sampled wetlands
will ‘be compared with those of the most enaltered
wetlands of the same type inthe- region, known asref-
erence wetlands. This comparison is based on'the as-
sumption that the Jeast a}tered wetiands havs sustain-
able blologzcal integrity, -

Other Tikely indices will be related to the follow-
ing: habitat integrity (how does the population of wa-
terfowl, finfish, or shellfish in sampled wetlands com-
pate with that in reference wetlands?), hydrologic
integrity {how similar is the hydrologic regime in the
sampled wetlands to that in reference wetlands?), and
water-quality-improvement (how ‘do sediment trap-
ping and other water-guality processes in sampled
wetlands compare with those in reference wetlands?).
Wetland-health may be evaluated either by similarity
(how similar are sampled wetlands to reference wet-
tands?) or by biclogical criteria (are the sampled
wetlands above 'or below a level determined from
measurements obtained in the reference wetlands?).
The comparison of the condition of sampled wetlands
with the condition of reference wetlands provides a
means for telling the difference betweean changes that
result from Jong-term changes in climate (both
sampled wetlands and reference wetlands will be af-
fected) and changes that happen because of manage-
ment actions, regulatory policy, or other human fac-
tors that affect wetlands {enly the sampled wetlands
will be affected).

Pilot studies of salt marsijes in the Gulif of Mexico
and prairie pothele wetlands of the Midwest have been
compieted. Results of these studies have been evalu-
ated to identify the indicators that most effectively
reveal the difference between healthy and degraded
wetlands. In the salt marshes, the indicators that seem
to hold the greatest promise {Tarner and Swenson,
1994) are asfollows:

* Ratioof vegetated areas to open water

* Number of plant species {or the diversity of plant
species)

* Biomass {product}on of plant material per unit
area)

» Amount of organic matter in soil

« Salinity




Inprairie pothole wetlands, indicators of the
health of a wetland that seem to hold the greatest
promise at the local level (L.M. Cowardin, U.S. Fish
and Wildlife Service, oral commun., 1994) are:

» Amount of developed land in the surroundmg up-
Iand..

+ Rates of mcrease and decrease in the nomber of
water-filled basins or in the area of water surface
between April (spring thaw) and August (end of
surmer}

* Ratio of temporary to seasonal to semipermanent
weflands

At the level of the indivi dual wetland ecosystem,
other promising indicators (L.M. Cowardin, oral
commuan., 1994) are:

+ Diversity of plant species

* Number and types of species of large invertebrates
* Range of water-level fluctuation

+ Sedimentation rate

Hydrogeomorphic Apémach (HGM)

In 1996, the U.S. Army Corps of Engineers be-
gan developing the Hvdrogeomorphic Approach
(HGM) as a-way to provide a foundation for assess-
ing the physical, chernicat, and biological functions
of wetlands (Brinson, 1993; Smith and others, 1993).
The program, still being developed, is intended 1o
revise and simplify the WET approach described
above (Adamus and others, 1987), as well as make it
more applicable to specific regions. The WET pro-
cedure develops a profile of specific characteristics
(predictors) for an individual wetland, and these are
used to assess the degree of effectiveness of the dif-
ferent fanctions of the wetland, The HGM approach
compares the characteristics of a specific wetland
with the characteristics of a group of wetlands (ref-
erence Weﬁandﬂ) in the region, and this information
is used to assess the degree to which the individual
wetland is performing selected functions, Thus, the
HGM approach represents a combination of the WET
and EMAP—Wettands approaches. Wetland charac-
teristics to be evaluated by HGM are limited to those
that are important in the specific region and hydro-
geomorphic setting. Hence, different characteristics
will be identified and evalvated for different
hydrogeomorphic settings, such as closed basins in
the Midwest (for example, prairie pothole wetlands),
river-edge wetlands in the Southeast (for example,
bottom-tand hardwood wetlands), and coastal wet-
lands (for example, salt marshes),

In the HGM approach, Tocal wetland scientists or
marnagers identify the functions that are performed
by wetlands in a specific hydrogeomorphic setting in
that region. Also, they identify wetland characteris-
tics (indicators), such as plant communities, plant
species, and density of stems, that suggest whether
or not a wetland is performing a specific function,
such as slowing the flow velocity of floodwater, Next,
the value of ¢ach function is determined by measur-
ing the degree to which that function is likely to be
performed. This is based on the characteristics of the
indicators. For example, if lines of debris are selected
as an indicator that a wetland has been flooded, their
altitude may be used to determine how deep the
water may have been during flooding and thus how
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much water may be stored in the wetfand. The nature
of the debris lines also may suggest the velocity of
the water as it moved through the wetland. For ex-
ample, small leaves and twigs suggest slow-moving
water, small branches suggest somewhat swifter
water, and large branches and tree trunks suggest very
high velocities. Sediment deposits observed at the site
may suggest the depositional characteristics. For ex-
ample, no sediment deposits suggest little deposition,
thin silt deposits suggest that slow-moving water was
sustained for long periods, and gravel and cobble de-
posits might suggest that water was flowing rapidly
when it entered the site but then slowed significantly
at the site.

Awetland assessment provided by the HGM ap-
proach will likely be a “site profile” that lists the site
characteristics that are related to identified wetland
functions. This profile then will be compared with
characteristics of the reference wetlands (all wetlands
in the region in the same geomorphic class) in order
to rank the site. A data base that contains profiles of
wetland characteristics (indicators of wetland func-
tions) for each wetland type (hydrogeomorphic class)
will be established for each region. These data will
define the range of characieristics found in these wet-
lands.

At present (1995), the HGM approach is in de-
velopment and has not been released to the pubtic.
Field tests of this assessment method have been con-
ducted in river-edge wetlands in the Pacific North-
west, the Northeast, the Rocky Mountains, the South-
west, and the Southeast; in coastal wetlands in the
Pacific Northwest, the North and South Atlantic
States, and the gulf coast States; and in closed-basin
wetlands in the Midwest. Data and insights derived
from these tests are being compiled and will be evalu-
ated in regional workshops. Following those evalua-
tions, manmuals of draft HGM methods will be pre-
pared and presented for comment and review in re-
gional workshops.

CONCLUSIONS

If any hope remains for preserving the Nation's
wetland resources, it depends upon obiaining public
support. Public support can be won if scientists can
explain clearly how wetlands function, how they in-
teract with their surroundings, and how their func-
tions can benefit society. Wetlands have come under
intensive scientific study onily during the last two
decades. Technigues of wetland evaluation will im-
prove as scientists gather more information about the
processes that take place in wetlands and about the
similarities and differences among the functions of
different types of wetlands. In order to develop pub-
tic support and to encourage enlightened policy de-
cisions and regulations, it is critical to create and
maintain a data base of wetland characteristics in
which the data are reliable, comparable, and repeat-
able at periodic intervals in order to monitor Jong-
tesm frends.

More than one approach to wetland evalsation is
possible, as illustrated by the exampies discussed
above. Wetland functions and their values to humans
and other living matter may be assessed for an indi-
vidual wetland by using approaches such as WET or
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HGM: After thik, they can be compared with other
natural wetlands in & region by using the HGM
appreach. Both WET.and HGM can be used to
determine the amount of mitigation required to off-
set mnavoidable wetland Joss, as well as to-evaluate
the''degree of ‘success of ‘individual mitigation
projects: (See-article “*Wetland Protection- Legisla-
tion™ in this volume for further discussion of mitiga-
tion.) The EMAP-—Wetlands approach suggests that
it might be possible to examine the condition (pris-
tine of degraded) of a population of wetlandsin a
specified area. Periodic reevaluation of this popula-
tion of wetlands might be uséd to determine frends
in their condition and to identify the effects of broad
policy decisions (sach as “no net loss™), programs
{such as mitigation banking where wetlands are cre-
ated or restored to offset losses of other wetlands),
or natural phenomena (such as climate change).
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Restoration, Creation, and Recovery of Wetlands
Wetland Restoration and Creation

Mary-E. Keﬂig lal

The benefits of restoration of degraded or de-
stroyed wetlands and creation of new wetlands has only
recently been recegmz:ed As the popuiatu)n has ex-
pande{i across the Nation during the past few centu-
ries, wetlands have bam dramed .md &éiered 0 accom-
modate human needs, These changes to wetlands have
dxrect]y, OF, mdirecﬁy, bronght about changes in the
Migratory patterns of birds, Iocal climate, and the
makeup of plant and animat popu}atxons In the past,
people used wetiand plants and animats for shelter and
food. More recently, people. have become more aware
of other beraefits ‘that wetlands pmvzdewwater -qual-
ity improvement, ﬁm}d atlenuation, esthetics, and rec-
reational op;mrtunmes Now, i itis recognized that nu-
merous fosses are incurred when a wetland is damaged
or destroyed. Resioration and creation can help main-
tain the benefits of wetlands and their surrounding eco-
systems, and at the same time accommodate the hu-
man need for development.

‘Wetland restoration rehabilitates a degraded wet-
land or reestablishes a wetland that has been destroved.
Restoration takes place on land that has been, or still
is, a wetland, A term commeﬂly associated with res-
toration is “enhanced.” An enhanced wetland is an
existing wetland that has been altered to improve a
particnlar function, usmﬂy at the expense of other
functions. For examp%e enhancing a site to increase
its use by a particular species of bli"d cﬁmmoniy Hm-
Hs its use as habitat fer ether spcczes {Forinforma-
tion on functions of wettands see the artictes “Wetfand
Hydrology, Water Quality, and Associated Functions”
and “Wetland Functions, Values, and Assessment” in
this volume.)

Wetland creation is the construction of a wetland
on a site that never was a wetland. This can be done
otly on a site where conditions exist that can prodece
and sustain a wetland. Consequently, creation is more
difficult than restoration. A term commonly associated
with wetland creation is “constructed.” A constructed
wetland is a wetland created specifically for the pur-
pose of treating wastewater, stormwater, acid mine
drainage, or agricultoral runoff (Hammer, 1989}, As
used in this arficle, "project wetdand” refers to restored
or created wetlands. (For a more complete discussion
of the meaning of these terms and others associated
with restoration and creation, see Lewis, 19963

CHALLENGES OF RESTORATION AND
CREATION .

Eeological issues and physical limitations are
important factors to consider when planning for wet-
land restoration or creation. The relative merits of de-
stroying the function of an existing wetland, or other
ecosysiem, in exchange for another wetlund function
involves the consideration of numerous questions such
as: { 1) Wh;ch is more important, the existing or the

U S !:m FONTREeTE \l PI‘GI‘LL[ o Agency (RPAL

replacement function? (2} Will the proposed wetland
increase wildlife diversity? (3) Is the increased diver-
sity worth the loss of habitat of any enddngered spe-
cies? Questions of this type always arise during plan-
ning for wetland restoration and creation.

A'well-docomented example of a physical limi-
tation associated with restoring a wetland can be seen
alonig the shoreline of the Salmon River Estuary, Oreg.
(Frmkel and Morlan, 1990, 1991). In the past, many
high marsh wetlands along the Pacific coast were diked
to remove them from tidal action. After the area was
diked, the wetlands dried up and the land was nsed for
pasture. In 1978, in an effort to restore the Salmon
River Esteary 1o its original condition, two dikes were
removed to allow the original wetlands fo reestablish
themiselves, However, after 10 years, the resultin g wet-
lands (fig. 52y were not typical of other high marshes
along the estuary. The land behind the dikes had sub-
sided over time, and the restored wetlands were more
typical of wetlands at lower elevations nearer the eg-
tuary (low marsh). Although the wetlands continue to
evalve as sediments are trapped and deposited by the
vegetation (thus raising the elevation), it might take
another 50 years for the restored wetlands to become
similar again to the original high marsh (Frenkel and
Morlan, 1991). The time required and the abifity to
develop # fully functional soil system in project wet-
lands‘may be major determinants of the eventual ac-
ceptance or rejection of restoration and creation as
management options.

Itis difficult to make a definitive statement about
the shility to replace wetland functions. Goals for res-
toration and creation projects seldom are stated and
information on the existing functions of the wetlands
seidom are documented. This is due, in part, to the
difficulty and expense of quantifying wetland fune-
tions. Also, responsible monioring during construc-
tion and after completion of the project wetland is
uncommaon. Most information available on project
wetlands is in the form of gualitative case studies,

Wetland alter-
ations have
brought about
changes in the
migratory patterns
of birds, local
climate, and make
up of plant and
animal
populations,

Restoration and
creation can

help maintain

the benefits of
wetlands and
accommodate the
human need for
development.

Figure 52. View of a
restared salt marsh in the
Salmon River Estuary on
the Oregon coast,
(Photograph courtesy of
the EPA Wellands
Research Program.}
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Benefits can
extend beyond
the wetland if
care is taken in
site se_iectron.

Hydrologic
conditions
probably are the
most important
determinants of
wetland types
and processes.

'DESIGNING FOR'SUCCESS

Much of the written maseriat on waﬂcmd resio-

ration and creation deals with “projeci design.” Progect_ _
design considers a Targe number of site-specific, in-

terdependent factors that determine the structure and
function of a wetland, Although there i no “cook-
book” for restoring or creating weﬂan_és, documents
describing general approaches to restoration and cre-
ation and the conditions.conducive {0 project sucGess
are avaﬂai}le (Gdrbmch 1986; Marble, 1990; Pacific
Estuarine Research Laboratory, 1990; Hammer, 1992;
Maynord and others, 1992). Elements common to
wetland proj ect desxgn are sne»selectmn criteria, hy-
drologlc amalysis, water source snd quality, substrate
angmentation and handlmg, plant material select;on
and hanélmg “buffer zones placemem and long-term
management. A brief overview. of each ¢clement is pre-
sented here in 4 sequence szmliér to that followed in
pm}ect planmntr :

_Site selection—Sites for preject wei’iaﬁdg ofen
are seicetad onthe ‘basis of available land, or on polz*
cies lhai require weﬂ an{Is 10 be restored or created (o
compensate for ncarby wetland ]esscs (mitigation). A
wetland’s structure, fanction, aﬂd ability 10 persist over
time are greatly znﬂsenceé by its location. Wetlands in
seftings with limited human influence can differ
greatly in structizre and ‘étmction from wetiands inset-
tings dominated by human ﬁctwmes Therefore, the
prabent and pmjecied land uses of the surrounding arca
are a consideration when seiec;mg the site. The char-
acienst:cs of existing wetlands, in the same genemi
area, or i an area with similar land uses, can be used
as models for. what might be expecteé of the project
wetland. Benefits that extend beyond the wetland itself
can be derived from the placement of a wetland if care
is faken i in site selection. For example, restoration of
riverbank wetlands between agrzczﬂmm] ‘Tand and a
stream can improve downstream water guality (Olson,

1992,

Hyvdrologic analysis~~Hydrologic conditions
probably are the most important determinants of the
type of wetland that can be established and what wet-
tand processes can be maintained (Mitsch and
Gosselink, 1993). Elements of site hydrology that are
important to maintaining a wetland are inflows and
outflows of ground water and surface water, the result-
ing water levels, and the timing and duration of soil
sataration or {looding.

One {actor influencing hydrology is the configu-
ration of the basin {depression) comaining the wetland,

The position-of the basin surface relativeto the water

table influences the degree of soil saturation and flood-
ing. To ensure that standing waier is present year

' roand many project wetlcmds are excavated'so that the

deepest part of the basin is below the lowest antici-
pated water fevel. The slope of the basin banks deter-
mines how much of the site will be vegetated and by
what kinds of plants (fig. 53). This is because the slope
determines how far the substrate (soil or rock mate-
rial mai forms the surface of the basin) will be from
water an(i how much of the substrase has the neces-
sary conditions of wetness for specxﬁc p}dm species
(Holiands 1996} Theé ability to maintain the desired
plant community, therefore, is nitimately dependent on
the hydrology of the site. Ta a properly constructed
freshwater marsh; the lowest point of the wetland will
be tnundated to a depth and for a period long eaough
that eniergem vegetation can persist, but not so long
as to destroy the ;Jlams

Water source and quality—aAlthough it is com-
monky acknowledged that site hydrology is a major
determinant of the success or failure of wetland res-
toration or creation, the influence of water guality of-
ten is ignored. Taputs of chemicals from the surround-
ing Tandscape can overwhelm a wetland’s ability 1o
improve water guality and can chanae the charactes-
istics of the site. For example, deicir;g salts are used
extensively along highways and, if they enter a wet-
land, can alter the productivity and com@esm{)n of its
plant community, possibly favoring nuisance species
such as purple loosestrife {Niering, 1989},

Substrate augmentation and handling —Wet-
lands are characterized by hydric soils, which develop
as a result of an area being saturated, flooded, or
ponded long enough during the growing season to
develop anagrobic (oxy gen-deficient) conditions (U. S.
Seil Conservation Scrvice, 1991) (fig. 543, Most of the
chemical reactions in wetlands take place in the soils,
where most chemicals are stored (Mitsch and
Gosselink, 1993). The soils of project wetands are re-
ceiving increased attention as studies link substrate
characieristics to ecological function, Although a cre-
ated wetland may be structurally similar to a natural
wetland, is hydrology may differ greatly from that of
the natural wetland if the permeability of the sabstrates
differ (O'Brien, 1986). In addition to differences in
permeability, soils in project wetlands commonly have
a smailer amount of organic matter than seils in simi-
lar natural wetiands. Because organic matter in soils
stores nutrients that are critical to plant growth (Pa-

Flgure 53, "?he relative posztlon {)f 2 basm subsiraie t?xe water tahle, and differences in vegetation resulting

from the degree of basin-siope.
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cific-BEstuarine Reséarch-Laboratory, 1090}, the
smalfer amounts of organic matter in soils of project
wetlands may limit plant growth (Langis and others,
1991}, Augmenting, or mulching, the substrate of
project wetlands with materials from a “donor” wet-
tand-can increase soil -organic matter and provide a
source of needed plant species, microbes, and inver-
tebrates. Mulching makes the substrate more condu-
cive to rapid revegetation by reducing the evaporation
of pore water, Tunoff, soil loss and erosion, and sur-
face compaction and crusting (Thornburg, 1977).
Mulching also can cause problems such as the intro-
duction of unwanted plant species.

.. Plant material selection and handling.—Vegeta-
tion i the most striking visual feature of a wetland. Be-
cause of the unique and stressful conditions that de-
velop in wetlands, varying from long periods of flood-
ing to periodic drying, plants and animals found there
have developed distinctive mechanisms to deal with
these stresses and conditions. It is important to recog-
nize the constraints of this unique environment when
planning a project wetland. Plant communities estab-
lished in project wetlands will fare better if they closely
resemble communities in similar, local wetlands. T
increase the Jikelihood of successful colonization,
Garbisch (1986) suggests that project managers:

* Select herbaceous species that rapidly stabilize the
substrate and that have potential value for fish and
wildlife

* Select species that are adaptable to a broad range
of water depths, A survey of vegetation at wet-
fands of the type being created or restored can
identify the conditions of “wetness™ needed by
species - . i :

* Avoid choosing only those species that are foraged
by wildlife expected o use the site—muskrats
and geese have been known to denude sites

* Avoid comunitting significant areas of the site to
species that have questionable potential for suc-
cessful establishment

In addition, Stark (1972) suggests the selection of “low
mantenance” vegetation.

Buffer zone placement.—Protective measures are
needed for many restored and created wetiands, par-
ticularly in urbanized areas. This protection can take
the form of an undeveloped, vegetated band around the
wetland; a fence or barrier; or a lake or sediment ba-
sin. This buffer between the wetland and surrounding
land is desirable; however, the characteristics of an
appropriate vegetated buffer are not well defined. Al-
though composition is important, width is the most
frequently cited characteristic of an adequate buffer
zone. Requirements for:both composition and width
are dependent upon the adjacent land uses, their po-
tential effect on the functions of the wetland, and the
requirements of the animals that will use the wetland
and buffer area. Buffers are used to:

« Deter predators from entering wetlands

= Trap and prevent undesirable materials from enter-
ing the wetland through runoff from the sur-
rounding landscape

* Provide habitat for wildlife that depend on uplands
in addition to wetlands for part of their life cycle
Long-tevm management.—Careful tmonitoring of

newly established wetands and the ability to make
mid-course corrections are critical to long-term sue-

Figure 54." Scientist:.checking o see'if a:soil sample
hasithe unigue coloration typical of wetland (hydric)
soils. {Photograph courtesy of the EPA Wetfands
Research Program), . '

cess. However, few project sponsors have been will-
ing to assume long-term responsihility for managing
these new systems (Kusler and Kentula, 1990b). Be-
cause of this, project wetlands that are designed o be
self-sustaining or self-managing wiil have the best
chance of survival. The installation of control struc-
tures, such as tide gates or puamps, that will require
maintenance and are subject to vandalism could be dis-
advantageous t the life of the project wetland.

EVALUATION OF SUCCESS

One of the most vexing aspects of wetland resto-
ration and creation projects is defining success, pri-
marily because there is no generally accepted defini-
tion. This is true for many reasons—Ilack of clearly
stated objectives, lack of long-term monitoring
(Kusler and Kentula, 1990b), and the subjective point
of view of the definer (Roberts, 1993). The vast ma-
Jority of project wetlands are ecologically young—10
vears of age or less, The lack of information on eco-
logically mature projects limits the ability to predict
whether or not the functions of project wetlands can
replace the functions of natural wetlands. Neverthe-
less, the results of ongoing research and good profes-
sional judgment can be used to provide insight into
the selection of projects that have a high probability
of success.

Various attempts have been made to define suc-
cess criteria for wetland projects. The earliest criteria
assumed that if conditions were correct for the estab-
Lishment of wetland vegetation, then other ecological
functions would either be present or develop over time.
Now, it is known that a site “green” with vegetation
does not necessarily mean success, and the standards
by which projects are judged are more likely to be tied
to wetland functions.

The Wetlands Research Program of the [1.8. En-
vironmental Protection Agency (EPA)is developing an
approach to establish quantitative performance crite-

Chemicals from
the surrounding
landscape can
overwhelm a
wetland’s ability
to improve water
quality.

Plants in project
wetlands fare.
better if they
closely resemble
those in similar,
local wetlands,
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¥ia Tor project wetlands. T this‘approach;: grotps of
watural wetlands serve as reference sites againstwhich
project wetlands are gudgcd For example, Zedler
{19933 usés reference data from natural marshes be-
ing used by’ ciapper rails{an. mdwemss bird species)
o define'criteria that can be: used tojudge the suitabil-
ity of restored and created habitat for the hirds. Oidar
project wetlands also are used as’ reference sites against
which to judge newer project weﬂands, both to verify
that develoymznt is-as expected and to identify . devel-
opmental patterns that may have resulted from: changes
in pro;ect -design (Kentula and others, 1992) "This
approachisdesigned to produce 1 results that areregion-
aﬁy ajgphcabie to wetland pmtﬁ:cnna and1nanagement,

It is still
uncertain if a
full suite of

wetland ~Ome’tool for comparing the characteristics, of

: g}r@}e{:ﬁ wetlands w1th simalat, naturally occurring wet-
functions can be Iandsisa performar:ce curve (fig. 55). Functions in a
rep!aced. groupof restored wetlands can be expected 1o increase

graduaify withtime oz point of maturity: al wiuch fime
the level of fancuea has stabilized: The mean level of
function in mature project wetlands is generally less
than that for naturai wetlands. Rate and time of matu-
ration and functional Ievel at maturity will differ from
project fo project, depending on the type of wetland
being restored. The curve provides information on
when to monitor, how restored wetlands typicaily de-
velop, and when project goals have been met. Changes
in the characteristics of project wetlands can be ex-
pected fn response to the maturation process, but also
in response to changes in the environment. Informa-
tion on the development of project wetlands and -
lar natural wetlands helps mapagers determine
whether an observed change is typical for a particular
year or stage of development.

OQver time, successful project wetlands can be ex-
pected to become similar to comparable natural wet-
Jands. A comparison of plant diversity on project wet-
tands and similar natural wetlands in Oregon (Kentula
and others, 1992), Connecticut (Confer and Niering,

EXPLANATION
Mean leve! of function
« Far naturat wetiands at
a point in time
2 For restorad wetlands at
a point in tima
e v Er natural watlands
over time
weowe s For immature restored
watlands over time

= e For mature restored
wetiands ovar time

INCREASING EFFECTIVENESS OF FUNCTION ~—

INCREASING MONITORING TIME ——2>

Figure 55. Typical performance curve itlustrating the comparison of groups of
natural wetlands and restored wetiands of the same type and sirmilar size in the
same iand-use sefting. (Source: Modified from Kertula and others, 1992.)
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19923, -and Florida (Brown, 1901) showed that, al-
though the level of diversity differs with each project,
diversity tends to be higher on sach project wetland
than on its natural counterpart. The type of wetland
studied was & pond with a fringe of freshwater marsh
(fig.-56). If a project wetland develops as hoped and
expected, after 2 to 5 years it probably will have a plant
diversity greater than or equal fo that of similar naty-
ral wetlands. As competition for space and resources
increases and the plants more completely cover the
site, the diversity usually decreases and the plant com-
munity tends to become more Jike that of a mature site.

STATUS OF THE SCIENTIFIC KNOWLEDGE
OF RESTORATION AND CREATION

Current scientific knowledge about successful
wetland restoration and creation has been documented
in “Wetland Creation and Restoration: The Status of
the Science” (Kusler and Kentula, 1930a). Although
the literature on wetland restoration and creation has
increased since the pubtication of that book, the gen-
eral assessment presenied still applies. Key points from
the Fxecutive Summary {Kuster and Kentula, 1990b)
are discussed below. {Additional information on res-
toration of aguatic systems, including wetlands, can be
found in a recent publication by the National Research
Council Committee on Restoration of Aquatic Ecosys-
tems, 1992.)

The status of scieatific knowledge about wetland
restoration and creation differs by wetland function,
type, and location. It is still uncertain if the full suite
of functions provided by a particelar wetland type can
be replaced. Full functional replacement has not yet
been demonstrated. In the case of specific functions,
the most is known about replacement of flood storage
and waterfow] habitat, and the least is known about wa-
ter-quality-improvement and ground-water-associated
functions. The more complex the hydrology and ecol-
ogy of a system, the more difficalt it is (o restore the
system. Complete restoration might be impossible in
SOMme sysiems.

With respect to types and locations of wetlands,
the most is known about restoration and creation of
imertidal salt marshes along the coasts of the United
States, in particuiar, the tall cordgrass marshes of the
Atlantic eoast. However, these salt marshes comprise
only about 5 percent of the total wetland area of the
Nation and are only a small part of the marine and
estuarine wetlands.

Much Jless is known about restoration and cre-
ation of inland freshwater wetlands, such as ponds,
forested wetlands, or bogs and fens. Among these
wetlands, most is known about restoration and cre-
ation of those dominated by open water, such as
ponds, and the assoctated herbaceous vegetation.
Much less is known about replacing forested wetlands
because of the time needed for woody vegetation to
mature. Experts agree, however, that the ecosystems
that are least likely 1o be successfully replaced are
bogs and fens. These are the wetlands with deep or-
ganic soils that have developed over thousands of years
and that have hydrologic conditions that are difficult,
if not impossible, to duplicate.
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FEDERAL AGENCY-RESEARCH ON -
WETLAND RESTORATION AND
CREATION

Several Federal agencies have missions, and
therefore conduct research activities, that involve wet-
lands:“This section presents a brief overview of Fed-
eral research on wetland restoration and creation. [For
mere information on wetland research by Federal
agencies, see the publications of the Wetlands Research
Program of the U.S. Army Corps of Engineers (Corps)
and the article “Wetland Research by Federal Agen-
¢ies” in this volume.] The Corps has been leading an
effort to provide a reference source on current wetland
research being conducted by Federal agencies. The
first edition (1.8, Army Corps of Engineers, Wetlands
Research Program, 1992) presents information pro-
vided by the Corps, the EPA. the Soif Conservation
Service {renamed Natural Resources Conservation
Service in October 1994), the Forest Service, the Na-
tional Marine Fisheries Service, the U.S. Fish and
Wildlife Service, the Bureau of Reclamation, and the
U.S. Geological Survey. The Corps surveyed over 25
agencies in 1993, To complement the Corps’ refarence
source, the U.5. Pish and Wildlife Service is maintatn-
ing the Wetland Creation/Restoration data base to pro-
vide a current compilation of the published Hterature.
A hard copy of the bibliographic material contained
in the digital data base also has been prodaced
{Schneller-McDonald and others, 1989),

Federal agencies research into wetland restora-
tion and creation generally falls into two categories—
design implementation and performance evaluation.
Major contributions on project design have been made
by agencies involved in large-scale development, like

“the Corps (Maynord and others, 1992) and the Fed-
eral Highway Administration (Marble, 1990). The EPA
has focused ifs research on evaluation to support the
agency responsibilities under Section 404 of the Clean
Water Act (Zedler and Kentula, 1986; Leibowitz and
others, 1992). Agencies responsible for stewardship of
Hving resources, such as the Nationa! Marine Fisher-
ies Service, have produced information that will in-
crease their effectiveness in management (Thayer,
19923,

The Natural Resources Conservation Service and
the U.S. Fish and Wildlife Service probably will con-
tribute the most information on practical, fow-cost
approaches to wetland restoration under the 1990
Farm Bill (Food, Agriculture Conservation and Trade
Actof 1990—(P.L. 101-624) and the Wetland Reserve
Program. Under these programs, thousands of wetland
acres previously converted to agriculture have been
restored to wetlands. To support these efforts, both
agencies have produced guidelines for their field per-
sonnel who are working with the farmers to restore
wetlands (U.S. Soil Conservation Service, 1992;
Wenzel, 1992). (For more information on legislation
affecting wetlands, see the article “Wetiand Protection
Legislation™ in this volume.)

CONCLUSIONS

Wetiand restoration and creation is more 4n art
than a science, and functional replacement of wetlands
has not been conclusively demonstrated, At the same
time, the growing body of literature and experience is

Figure 56." This pond with a fringe of marsh in Portland, Oreg,, is a restored

wetland and is an example of the type of freshwater project wetland most
common in this countey. (Photograph courtesy of the EPA Wetlands Research

Program.)

increasing the ability fo discern which projects have a
high probability of restoring or replacing damaged or
lost ecosystems. Two factors that most limit the effec-
tive use of restoration and creation are: (1) fack of
information on ecologically mature restored and cre-
ated wetlands, and on the maturation process; and (2)
the limited nuember of well designed and well con-
structed project wetlands that can be used as models.

In general, restoration is likely to be more suc-
cessful than creation. Restoration of a damaged or
destroyed wetland will have a greater chance of estab-
lishing the range of prior wetland functions, includ-
ing eritical habitar. Also, chances are greater for the
long-term persistence of a restored wetland than for
one created where none existed before.
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